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ABSTRACT 


Finite element, elastic and plastic analyses of various 


aluminum panels, containing holes and notches, were conducted 
for comparison with photoelastic experimental results. A 
FORTRAN IV program, ADINA (Automatic Dynamic Incremental 
Nonlinear Analysis), was used for both linear and nonlinear 
analyses. Mesh refinements were used for each panel and the 
monotonically convergent results were extrapolated using 
Richardson's method. Stresses were locally smoothed from 
the Gauss integration points to the nodal points. Eight 
noded, isoparametric elements were used throughout. Modi- 
fication to an ADINA preprocessor program, also coded in 
FORTRAN IV, was made for use with a VERSATEC plotter. 

Comparisons were made to the elastic, analytic series 
solution by Howland for a circular hole in a finite strip. 
The finite element results varied by less than one percent 
from Howland's solution. Handbook values for the elastic 
stress concentration factors of the geometries investigated 
differ from finite element results by less than one percent 
in all cases. The photoelastic works of Frocht were also 
compared where applicable. Stresses in the plastic range 
obtained from slip-line theory for a rigid-perfectly-plastic 
material show excellent correlation to a finite element 
analysis of such a material. Comparisons to elastic and 
plastic experimental data were made for the panels 


analyzed and show good correlation to finite element results. 
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I. INTRODUCTION 


Development of on-board fatigue monitoring systems 
for Naval aircraft have made it possible to record exten- 
sive structural loading data in flight. The strain gages 
used in such a system must be located away from stress 
concentration areas to prevent their fatigue; however, 
these areas are of the greatest interest in analyzing 
and predicting fatigue life of the structure. Understand- 
ing the relationship between nominal, far-field stresses 
and local stresses in critical areas thus becomes vitally 
important. Recent experimental investigations into the 
effect of uniform, far-field loads on stress concentration 
areas have been made at the Naval Postgraduate School 
(NPS) using photoelastic techniques [Refs. 1, 2 and 3]. 
These experiments involved loading 7075-T6 aluminum into 
both the elastic and plastic regions, as well as measure- 
ments of residual stresses resulting from plastic yielding. 

Finite element analyses (FEA) of the aluminum panels 
used in the experiments of Stenstrom [Ref. 1] were con- 
ducted. The panels used in the experiments of Engle 
[Ref. 2] and Stuart [Ref. 3] have similar geometry. The 
finite element programs available at NPS were surveyed 
and ADINA [Ref. 4] was chosen for its proven ability to 


produce the nonlinear analyses required for plastic 


13 


tee ete te 


yielding of aluminum. To provide increased accuracy, 
each panel was modeled using two meshes. The results 
obtained for the coarse and fine meshes were extrapolated 
to a final result using the Richardson extrapolation 
technique [Refs. 5 and 6]. 

Along with ADINA, a preprocessor program, PSAP1 [Ref. 7], 
was used to verify mesh connectivity prior to analysis by 
ADINA. PSAP1 provides a graphical output of the finite 
element mesh and was coded for the CALCOMP plotter installed 
at NPS prior to 1978. For this thesis PSAPl was adapted 
for use with the VERSATEC plotter now installed at NPS. 

The stress-strain material properties of the 7075-T6 
aluminum actually used to make the panels had to be estab- 
lished to provide an accurate material model for use with 
ADINA. Material testing was conducted to establish the 
Young's Modulus (E), Poisson's Ratio (v), yield stress (a), 


strain hardening modulus (E,) and the Ramberg-Osgood co- 


foe went Kacibet s-encAg et tie poten iy. hh Bh aeoreneie tava Ralltherenentsiafieiee angmntemaanin ot 


efficients 8 and n. 

Comparisons were made to other works, in addition to 
the experiments conducted at NPS. The initial analysis 
involved a comparison of FEA to the results of Howland 
[Ref. 8], for a circular hole in a finite strip, to vali- 
date the methods used. A comparison of FEA to plane 
stress, Slip-line theory, for rigid-perfectly-plastic 
material was also included as a validation for the plastic 


analyses. 
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II. MATERIAL PROPERTY TESTING OF 7075-T6 ALUMINUM 


The elastic and plastic material properties of the ; 
aluminum panels were established by tensile tests of uni- 
axial specimens made from the same mill run. The speci- 
mens were manufactured and tested according to current 
ASTM standards [Ref. 9]. MICRO-MEASUREMENTS, EA~-13-125AD- 
120, precision strain gages with a temperature compensated 
bridge circuit were used on all specimens. Transverse 
gage sensitivity errors were corrected according to the 
manufacturer's recommendations [Ref. 10]. Critical cross- 


section measurements were made with a micrometer. 


A. TESTS FOR AXTAL LOADING 

Initial tests of the two-gaged specimen, Fig. 1, in 
the MTS testing machine indicated a significant bending 
moment was being produced by the 30,000 1b GRIFF grips. 
To investigate this problem further, tests were conducted 
on both the MTS and RIEHLE test machines with a five- 
gaged specimen shown in Fig. 2. The results of these 
axial loading tests, shown in Table I, verified that the 
GRIFF grips on the MTS test machine do not give axial 
loading. An inspectionof the gripped region on the speci- 
men indicated that the jaws of the grip were not applying 


a uniformly distributed force and thereby induced a bending 


3 


moment by off-axis loading as shown in Fig. 2. The grips 
on the RIEHLE test machine gripped evenly and a uniform 


strain distribution resulted as seen in Table I. 


B. CHARACTERISTICS OF 7075-T6 ALUMINUM PANELS 
The following characteristic properties were determined 
from the four specimens tested. 
1. Young's Modulus (E) 
Tests were conducted using the specimen shown in 
Fig. 3 on the MTS test machine with 10,000 1b INSTRON grips, 


which gripped the specimen evenly. The results of testing 


mew 


three specimens are shown in Tables II to IV. Linear 
regression in the elastic range of all the test results 


6 psi, with a 


determined a Young's Modulus of 10.12 x 10 
correlation coefficient of 0.9996. 
2. Poisson's Ratio (v) 
Tests were conducted using the specimen shown in 


} Fig. 1 on the RIEHLE test machine with 10,000 1b RIEHLE 


Re De ee a a a ae ee OR ee een eee, 


: grips. The results are tabulated in Table V. Linear 


regression of these results in the elastic region deter- 


mined Poisson's Ratio to be 0.3256 with a correlation if 


coefficient of 0.99996. 


3. Yield Stress and Strain Hardening Modulus 


These values, required for ADINA's bi-linear 
material model, were determined graphically using the 


data from Tables III and IV. Plastic region data in 
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Table II is not reliable because of excessive creep en- 


countered during that test. 


0.2% offset yield stress, o, 76,000 psi 


strain hardening modulus, E. = 566,000 psi 
The graphical fit of these values to the test data can be 
seen in Fig. 4. 
4. Ramberg-Osgood Coefficients 
The Ramberg-Osgood equation for elastic-plastic 


Seem noni tinal mnedeaibemmericeditaipe, 


stress-strain characterization is given by: : 


_ oO o,n 
e= 5+ 8(5) (1) 


where: 
€ = strain 
ag = stress 
E = Young's modulus. 
The 8 and n coefficients were determined graphically from 
} the data of Table IV, by the method given by Rivello [Ref. 11]. 
- The data in Table IV gave the following values which are 
the best fit to the combined test data 


43 


8 = 1.479 x 10 . 


a n = 21.58 


The graphical fit of these values, in Eq. (1), with the 


test data is also shown in Fig. 4. 


| 
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MODIFICATION TO GRAPHICAL PREPROCESSOR 


The use of a graphical preprocessor program, such as 


PSAP1, is vital in detecting mesh errors that may other- 


wise go unnoticed. Establishing the proper node locations 


and element geometry prior to analysis for a complex code 


such as ADINA is of utmost importance. 


A. PSAP1 MODIFICATIONS 


The program PSAP1 was originally coded in FORTRAN IV 


for use on the NPS IBM 360/370 installation with the 


CALCOMP Model 765 drum plotter. The CALCOMP system o: 


installed at NPS used the +Y axis as the unlimited plotting 


axis, see Fig. 5. The entire plotting logic in PSAP1 uses 


this orientation of axes to allow multiple plots in a con- 


tinuous strip. With the VERSATEC Model 8222A electrostatic 


plotter now installed at NPS, the +X axis becomes the un- 


limited plotting axis, shown in Fig. 5. To avoid an ex- 


tensive recoding of PSAP1 for use with the VERSATEC plotter, 


a simple coordinate transformation of the plot was made in 


a limited number of short subroutines. First, all installa- 


tion dependent plotting calls used in PSAP1 were identified. 


These involved seven plotter functions for which new sub- 


routines were coded. 


4 
: 


Function New Subroutine 


So a jc li a a a a ll eta Sk a Sa 


Initialize Plotter CALCMP 
Move Plotter Pen CALPLT 
Letter on Plot NOTATE 
Number on Plot CALNUM 
Determine Current Pen Location CALWH 
Stop Plotter PSTOP 


| 
| 
Draw a Line CALINE 
The subroutines listed above merely rotates the plot 

to coincide with the VERSATEC axis orientation and retain 

all features originally in PSAP1. Since all plotter | 
hardware code is now isolated in these seven subroutines, 

future adaptations to other plotting systems is simplified. 


To provide documentation of this update to PSAPl, a complete 


listing of the new program is provided in Appendix D. 


B. USE OF PSAPI 

Previous use of PSAPl on the IBM 360 system necessitated 
use of a load module since PSAP1 took over one minute of 
CPU time to compile. With the new IBM 3033 system 
compilation requires eight seconds; however, use of a load 
module or disk stored source code is still recommended 
since PSAPl contains roughly 2,500 lines of code. Appendix 
A contains sample JCL to use PSAP1 on the IBM 3033 MVS 


system. With minimal effort PSAP1 could also be set up 


19 


for use on the IBM VM/370 system. The user's manual for 


PSAP1l is in Ref. 7. In addition to a mesh plot, PSAP1 


provides a listing of the node coordinates, element 


connectivity and several key input values used in execu- 
tion of ADINA. This information provides a useful check 


of the input data. 


Seen cuamsnenniamameeianenesee — . = — 


IV. FINITE ELEMENT ANALYSIS (FEA) 


| A. DESCRIPTION OF MESHES USED 


1. Length to Width Ratios and Boundary Conditions 


Initial finite element models of specimens had 


length to width ratios near one, as used by Garske [Ref. 12] 
for his FEA, but they did not provide the desired uniform 
distribution at the loading boundary. Specimen length to 
width ratios of 3-5 were used by Armen, Pifko and Levine 
{Ref. 13] in their FEA and by Stenstrom [Ref. 1] in his 
photoelastic experiments. The criteria established to 
determine uniform boundary stress distribution was uni- 
formity in nodal displacements along the loaded edge as 
discussed by Segerlind [Ref. 14]. In the models used for 
FEA in this thesis, nodal displacements were uniform to 

‘ within 0.1%, and the resulting stress distribution was 
uniform axially to within 0.1% at the panel ends. In all 
cases two-dimensional, eight noded, isoparametric elements 


were used. These higher order elements cannot be loaded 


in an "intuitive" manner as discussed by Zienkiewicz 
{Ref. 15, p. 223]. Figure 6 shows the nodal loading 


required to obtain a uniform surface load. 
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2. Element Mesnes 
Two meshes were developed for each panel analyzed. 
A reasonable effort was made to keep element corner angles 
as close to 90° as possible to reduce the effect of element 
distortion discussed by Hopkins and Gifford [Ref. 16]. 


All meshes modeled a quarter of the actual panel by using 


Renate ents 


the two axes of symmetry as is common practice in FEA. 

The step from course to fine element meshes was made so 
that each element in the course mesh was subdivided into 
four smaller elements of the same type. Such a mesh sub- 
division can be expected to give monotonic convergence of 
results, Cook [Ref. 17], and allow extrapolation to results 
of an infinitely fine mesh. Figures 7 through 13 illus- 
trate the element meshes used in this analysis as plotted 


by PSAP1. 


B. COMPUTATIONAL PROCEDURES 

1. Using ADINA 

Once the mesh has been developed, input data is 

prepared in accordance with the ADINA user's manual [Ref. 4]. 
This same set of data is then used as input for PSAP1 to ~ 4 
check for errors and provide a graphical display of the 
element mesh. After preprocessing by PSAPI1, the data is 
entered into ADINA for analysis. In the case of linear 
analysis, two types of stress output may be specified, 


nodal point or Gauss integration point. Nodal point output 
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can be computed for up to eight node point stresses for 

each element. Since 2x2 Gauss integration was used, four 
Gauss point stresses were computed for each element. The 

2x2 Gauss integration is recognized as the most efficient 
integration order for this type of analysis [Ref. 15, p. 284]. 
The linear analysis used an isotropic linear elastic material 
model (MODEL "1" in Ref. 4) which required input of E and 

Vv material properties. The nonlinear analysis allows only 
Gauss point stress outputs and uses a bilinear elastic- 
plastic material model, with von Mises yield condition and 
isotropic strain hardening (MODEL "8" in Ref. 4). 

For static analyses ADINA uses a time function 
method to apply loads in steps. Linear analysis loading 
was accomplished in a single step to a nominal value of 
3,000 lbs load. Nonlinear analysis loads were applied in 
ten steps to a maximum value, matching the experimental 
loads, and then unloaded to zero in ten steps to obtain 
residual stresses. The stress output from ADINA is a 
listing of nodal or Gauss point stresses for each element. 
Since the only area of interest in this analysis was the 
distribution of stresses along the reduced cross-section, 
no large post-processing program was developed or used. 
All final computations using ADINA output data were accom- 
plished on a HEWLETT-PACKARD 9830A calculator, using short 


programs coded in BASIC. If more extensive stress 
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distribution information were desired, some form of auto- 
mated post~processing would be necessary to reduce the 
computational workload. At a minimum, nodal stress outputs 
by ADINA must be averaged to obtain unique values of stress 
at nodes shared by more than one element. 
2. Richardson Extrapolation 

The use of course and fine meshes allows extrapola- 

tion to an infinitely fine mesh as discussed earlier. 


Richardson extrapolation [Ref. 5] was used in this analysis 


where: 
a (hi)™ = oi(h_)™ 4 
g = —< 5 aii (2) i 
extrap h™.y,™ ; 
B ¢ , 
iq 
where ‘ 
if 
= 1 iq 
) Coxtrap extrapolated solution i. 
oy = solution obtained with h=h, : 
on = solution obtained with h=h, f 
i 
; he = linear dimension of course element : 
ha = linear dimension of fine element d 
\ 
m = 2 (for this analysis) * 
The exponent m is determined by the order of the discre- : 
tization error O(h"). Since h represents the length of an 1 


element the element area is represented h?, In a two 


dimensional problem such as this O(h™) is of the order of 


{ h?, the area of an element. In the mesh refinement scheme 
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h 
used h, = sh or = = 5: Equation (2) can be rewritten 
- c 
of Ned =o (Pe)? 
con Foh 
g Se ks ee ee eee (3) 
extrap hp 2 ha 2 
See = (-=) 
c c 
thus lL 
Oo, - FO 
ees 4 “c 
Sextrap = E} 3) 
4 


Equation (4) then becomes the relation to obtain extrapolated 
stresses from coarse and fine mesh results in a two dimen- 
sional analysis. Better extrapolations can be obtained by 
using three or more refined meshes, but, the computational 
effort increases significantly. 

3. Optimal Stress Locations and Local Smoothing | 

It is generally accepted that the most accurate : 

sampling points for stresses are the Gauss integration i 
points within the element [Ref. 15, p. 281, and Ref 18]. 
In this analysis, the nodal points are of the greatest i 
interest; thus a technique of local smoothing must be iH 
applied to the integration point stresses to obtain nodal ~ oH 
stresses as reported by Hinton and Campbell [Ref. 19]. 
The formulation of this local smoothing technique for ADINA 
elements is developed in Appendix B. The nodal values 
obtained must then be averaged if shared by two or more : 


{ elements. ; 
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4. Computational Times 


Because of the extremely large size of ADINA (about 
17,000 lines of code in the NPS version) and the out of core 
solver, it does not adapt well to time sharing systems. 
Using the IBM 360 system at NPS, ADINA required 31 user 
defined overlays to create a manageable load module in 
about 30 minutes of CPU time. With the new IBM 3033 MVS 
system at NPS, ADINA is compiled without overlays in about 
one minute. When using a load module, the program execu- 
tion took less than 2 minutes CPU time on the IBM 3033. 

In addition to ADINA, the preprocessor (PSAP1) 
and post-processing techniques involve considerable time 
and effort. Figure 14 is a flow chart of the computational 
procedure used in this analysis. An example of the JCL 
to use ADINA in load module form on the IBM 3033 MVS 


system with use of the mass storage facilities is shown 


in Appendix C. 


re 


V. RESULTS OF ANALYSIS 


A. CIRCULAR HOLES IN LINEAR MATERIAL 

The FEA results for a circular hole in a finite width 
strip were used to validate the elastic computational pro- 
cedure discussed earlier. The results of Howland [Ref. 8] 
were compared to both the Gauss point smoothed results and 
the nodal output results in Fig. 15. The stress concentra- 
tion factor o/s, is referenced to the far-field stress. 
The smoothed results give the best match to the results 
of Howland at the edge of the hole, and the only signifi- 
cant variation between the two FEA methods occurs within 
the first 0.25 inches from the edge. In order to obtain 
the 0.25 inch stress value for the coarse mesh, in the 
Gauss point smoothed result, a midside node value had to 
be obtained by the averaging method discussed in Appendix 
B. The linear distribution of smoothed stresses alcng the 
sides of the element, [Ref. 19], appears to produce a 
less accurate result in this area of extreme stress 
gradient, when compared to ADINA's nodal output result. 
This tendency was noted in all cases; however, the peak 
stress values from smoothed results consistently gave 
better correlation with other investigators [Ref. 20]. 

A circular hole with A=0.25 was also analyzed and 


compared to the experimental results of Stenstrom [Ref. 1] 
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along with an interpolation of Howland's results. The By 
experimental data correlates well with the FEA results; 
however, the a. experimental data shows significant varia- 
tion between 0.125 and 0.375 inches from the edge of the 


hole, as seen in Fig. 16. 


B. OPPOSITE U NOTCHES IN LINEAR MATERIAL 
The results for linear analysis are presented in non- 
dimensional stress concentration form; however, the 
normalizing stress changes. For U notches Kp is the 
stress concentration factor referenced to the theoretical, 
nominal stress (o.) in the reduced cross-section where 
. S Load/Area of Reduced Cross-Section. 
1. Shallow Notch Panel 
The FEA results plotted with the experimental 
data of Stenstrom are shown in Fig. 17. Once again both 
FEA results are shown and the variation for the two methods 
occur within 0.25 inches from the notch edge; however, 
there was less variation than was seen in the circular 
hole analyses. 
For this panel the experimental data appear to be 


uniformly below the FEA results for o The OY data shows 


g 
significant variation at the 0.625 inch point but follows 
the proper trend within 0.5 inches from the notch edge. 
According to data collected by Peterson (Ref. 20], this 


notch geometry should yield a maximum Kn = 2.74. The 
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Gauss point smoothed results matched this value exactly. 


Stuart [Ref. 3] reported a K, = 2.69 for this same notch 


geometry, with a standard deviation of 0.187 in the 14 
samples he measured by photoelastic methods. Early photo- 
elastic work by Frocht [Ref. 21] determined Ky, = 2.7 for 
this notch geometry. The FEA results appear to be in good 


agreement with other investigators, for this notch geometry. 


2. Deep Notch Panel 
Results of the FEA for a deep notch were plotted 


with Stenstrom's experimental data in Fig. 18. The results 
of the two FEA methods again diverge within 0.5 inches from 
the notch edge. FEA stress values at the 0.25 inch point 
have spread farther apart in this case since the stress 
gradient is very severe at that point. The experimental 


data correlates well for both o, and o.) however, the maxi- 


9 


mum experimental Tg is considerably lower with a Kn = 3.83. 


Results reported by Stuart for this notch geometry was a 


Kn = 4.05 with a standard deviation of 0.219 for 14 speci- 


mens measured by photoelastic methods. Frocht [Ref. 22] 


reported a photoelastic K,, = 3.9 for this notch geometry, 


T 
but concluded that the result was 5-10% low, giving a 


corrected range of K,, from 4.1 to 4.3. The Gauss smoothed 


T 


FEA result gave a K,, = 4.24 which compares well to an 


T 
empirical relation given by Peterson [Ref. 20] for 


r/d < 0.25. 


2t 


oon ie 2t, 2 2t,3 | |. 
Kya (1 - $=) (0.78 + 2.243vt7x) 0.993 + 0.18 = - 1.06() + 1.715) (5) 


where 
t = notch depth (3.9375) 
r = notch radius (0.625) 
d = minimum width (15.625) 
D = maximum width (23.5) 


Inserting the values above into Eq. (5) gives a K, = 4.26, 


T 
which is 1/2% above the FEA result. Other FEA results 
reported by Armen, Pifko and Levin [Ref. 13] and Griffis 
{Ref. 23], using linear strain triangle (LST) elements, 
produced Kn values within 5% of those produced by use of | 
Eq. (5). The rectangular elements used in this analysis 

are known to give better results than LST elements as 

noted by Clough [Ref. 24]. It is clear that the FEA 


results obtained for this notch are in good agreement 


with other works. 


C. OPPOSITE U NOTCHES IN NONLINEAR MATERIAL 

The analysis for loading into the plastic region of the 
7075-T6 aluminum was made using the bilinear material 
model discussed earlier. The loads used were selected to 
match those used in the experiments of Stenstrom; thus 
allowing direct comparison. The strains obtained in those 
experiments were used to solve for stresses by use of the 


Prandtl-Reuss plastic flow equations. 


ee ee 
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1. Shallow Notch Panel 
The results of FEA for the three load cases, 60,000, 
65,000 and 70,000 lbs are presented along with the experi- 
mental results in Figs. 19 through 21. The oi results 
compare well although no trend for peak 4 stress away from 
the notch edge is shown in the experimental data. In all 
cases the FEA determined the peak J, stress to occur near 


the yield boundary, and the gradient of the o, stress to 


8 
fall off dramatically in the plastic zone. This character- 
istic behavior of the J, stress was reported by other 
investigators (Refs. 13 and 23] using FEA on 2024-T3 aluminum. 
Plane elastic-plastic stress distributions reported by 
Frocht [Ref. 25] show similar trends. The experimental 

data also shows a marked change in the gradient of 5, stress 
within the plastic region. The growth of this plastic 
region is approximated using the FEA results for this notch 
in Figs. 22 through 24. 

Experimental data for the J, stress distribution 
matches the FEA results closely except at the notch edge 
where the measured C, does not go to zero as it should. 

The characteristic peak value of d. near the plastic 
boundary as seen in the FEA results is also shown by the 
test data. 

The FEA residual stress computed upon unloading 


from the three load cases are shown in Figs. 25 through 30. 


The characteristic distributions of the Tg residual stress 


agrees with those reported by others [Refs. 25, 26 and 27]. 
The experimental residual stress distributions reported by 
Stenstrom show similar trends but significant variations 
when compared to the FEA results. 
2. Deep Notch Panel 

Three load cases were computed to plastic loading 
levels; however, only limited experimental results are 
available for this notch as seen in Fig. 31. The 30,000 lb 
load is just at the onset of yield in the notch root area. 
Limited residual experimental data [Ref. 3] was available 
for comparison in Figs. 32 and 33 which are plots of the 
residual Ty and OL stress distributions as a result of the 
three loading cases. The 30,000 lb load has caused yielding 
in a small region at the root of the notch as seen in Fig. 34. 
Figures 35 and 36 illustrate that the plastic zone does not 
grow to the extent it did in the shallow notch. The stress 
gradients are very severe in the deep notch and as a result 
the 0.25 inch sampling points used in the FEA may be useful 
in only showing gross trends close to the notch edge. The 
trends appear to be much the same as in the shallow notch, 


with the peak g. and o 


3 r stresses occurring near the yield 


boundary. The yield boundaries shown in Fig. 31 are 


approximations based on qualitative analysis of the finite 


element results. The T, experimental data for the 30,000 


lb load case correlates well with the peak stress, again 
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appearing low as it did in the linear analysis. The residual 


Oo, Stress distribution in Fig. 32 follow much the same trends 
as seen in the shallow notch but with much higher gradients 
within the first 0.5 inches from the notch. The FEA results 
for the residual o, stresses shown in Fig. 33 indicate a 
limitation in the element size used since the Oe value of 
the notch edge does not return to zero as it should. Because 
of this problem the data may be questionable for showing 
proper trends in the first 0.5 inch from the notch edge. 
3. Rigid-Perfectly Plastic Panel 

A stress distribution for the theoretical material 
used in slip-line theory was desired. By using ADINA's 
bilinear material model such a material could be approxi- 
mated reasonably weli. For this analysis a Young's Modulus 


(E) of 1076 


psi was used to model perfect rigidity. The 
strain hardening modulus (E,) was set to zero to model 
perfect plasticity. Poisson's ratio (vv) was 0.4999999, 

as close to 0.5 as the computer would allow. The E = 1076 
also represents a computer limit in approaching an infinitely 
large E. Figure 37 illustrates the results obtained and 
compares them to a slip-line solution. The results are 
normalized to the arbitrary 73,000 psi yield stress used 

in the analysis. The Ty values obtained agree exactly 

with slip-line theory. Conversely the oy results do not 


reflect the same values as slip-line theory, but do show 


a similar trend. The growth of the plastic zone obtained 


is shown in Figs. 38 through 40. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


The results obtained from the FEA have proven useful 
in determining the validity of experimental data gathered 
by photoelastic techniques. The FEA results varied by 
less than 1% when compared to published analytical results 
and handbook values. Experimental data from Stenstrom's 
photoelastic work correlated well with the FEA results. 
The primary exception was the residual stress experimental 
values, which varied significantly from the FEA results. 
The variation may be in transforming the residual strains 
measured photoelastically into stresses for comparison 
with the FEA results, since ADINA only provides a stress 
output. Limitations of ADINA's bilinear material model, 
initially considered severe, do not appear to have hampered 
this investigation. A possible exception is the residual 
analyses where the transition region from elastic to 
plastic strains becomes especially important. The Gauss 
point smoothed results gave the best correlations at the 
edge singularities in all cases; however, due to the 
limitations noted at 0.25 inches from the edge, the 
results at that specific point may not be as accurate for 
this method. The nodal output results gave consistently 


higher stress values at the edge singularities. Because 
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of the severe stress gradients near the deep notch analyzed 
the use of a finer element mesh near the notch would probably 
produce better results. 

The effort involved in developing two meshes such as 
those used in this thesis is considerable. An automatic 
mesh generation capability would reduce the workload and 
allow experimentation with several types of element meshes. 

ADINA proved to be a useful and powerful program, as 
expected, but something simpler and less awkward to use may 
be all that is required for two dimensional analysis. Such 
a system is already in use at NPS but does not offer non-~ 
linear capabilities. If use of ADINA is to be continued in 
this type of investigation, a post-processing program should 
be adapted. There are programs available to post-process 
ADINA data at NPS [Refs. 28 and 29] but they would require 
modifications to work with two dimensional analyses and 
the VERSATEC plotter. 

Standardized material property testing would ease the 
inevitable task of obtaining basic material properties for 
use in analysis or experiments. Some form of automatic 
data collection with use of the MTS testing machine would 


allow testing of a larger sample population and provide 


statistically more accurate information. 
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TABLE’ I. MTS AND REIHLE 5 GAGE TEST RESULTS 
All Strains are 107° in/in 


MTS Test Machine 
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REIHLE Test Machine 
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LOAD STRAINS 
lbs 
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TABLE II. MTS SPECIMEN A TEST RESULTS 


Cross-section = 0.03975 in 


Load, lbs. Strain 10— 
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MTS SPECIMEN B TEST RESULTS 


Cross-section = 0.03975 in 


Load, lbs. 
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TABLE VI. 


TABLE VII. 
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DISTANCE 
FROM HOLE 


X = 0.25 HOWLAND 
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TABLE VIII. A = 0.2 FEA RESULTS - NODAL 
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FROM HOLE, in. 


} = 0.2 FEA RESULTS ~- GAUSS OUTPUT 


5. = 5000 psi 


DISTANCE 
FROM HOLE, 


TABLE X. d = 0.25 FEA RESULTS - NODAL OUTPUT 
DISTANCE ABOR CPSs 
FROM HOLE, in. 


TABLE XI. 0.25 FEA RESULTS - GAUSS OUTPUT 


o., = 4500 psi 


DISTANCE 
FROM HOLE, in. 0, ,psi 


TABLE XII. SHALLOW NOTCH FEA LINEAR RESULTS - NODAL 


So 4225 psi 


DISTANCE 
FROM NOTCH, in. o, ,psi Oo. ,psi 


TABLE XIII. SHALLOW NOTCH FEA LINEAR RESULTS - GAUSS 


oo 4225 psi 


DISTANCE 
FROM NOTCH, in. Ty psi ee *PS1L 
fia 
4.25 Srar.d Lif?agr 
4,568 | Pasoes 1384.3 bes 
a.7s Sonn, 9 Lrts.s 
1.468 Seal. 2 Pra. 4 
1,25 | Pobre ie Pay : 
} 
1.54 $234.8 Lled4d.2 
tes $552.8 1584.3 { 
2.40 435 


TABLE XIV. DEEP NOTCH FEA LINEAR RESULTS - NODAL 


os 4800 psi 


DISTANCE 
FROM NOTCH, in. Oo, spsi Oo. ,psi 


TABLE XV. DEEP NOTCH FEA LINEAR RESULTS - GAUSS 
ea 4800 psi 


i DISTANCE 


FROM NOTCH, in. Cy rpsi Oy psi 


MW. Se Sega. 4 eli. 
2 4,75 ea52,2 201. 
7 

1.48 BME. 7 | Se ata 

1.25 a436.1 SSe4.7 

1.548 Si4t.3 Sadi. 8 

1.75 $520.1 w4f1.2 

2.80 4622.8 SESE. 


‘a 


TABLE XVI. SHALLOW NOTCH FEA NONLINEAR 60,000 lb LOAD ; 


DISTANCE NO LOAD RESIDUALS 


FROM NOTCH,in. oO. ,psi Oo. ,psi oy +psi oe *psi 


TABLE XVII. SHALLOW NOTCH FEA NONLINEAR 65,000 lb LOAD 


NO LOAD RESIDUALS 


DISTANCE 
FROM NOTCH,in. Fy *psi Oo. ,psi Ty *PSi S. *psi 


TABLE XVIII. SHALLOW NOTCH FEA NONLINEAR 70,0001b LOAD 


NO LOAD RESIDUALS 


DISTANCE 


FROM NOTCH,in. Tp psi o. »PSi Oo, ,psi Oo. ,psi 


1.348 TS 941.5 ehaeg.< t 2569, A388 
bits T4SR3P, 5 SHETA LS Lado, 4 2596.7 
2.48 S177. Le4e8 6 1448.2 2207.8 
TABLE XIX. DEEP NOTCH FEA NONLINEAR 30,000 lb LOAD 


NO LOAD RESIDUALS 


DISTANCE 
FROM NOTCH, in. Sy »psi o. *PSi ao, ,psi o.. psi 


TABLE XX. DEEP NOTCH FEA NONLINEAR 35,000 lb LOAD 


NO LOAD RESIDUALS ' 


DISTANCE 
FROM NOTCH,in. oF +psi Oo. ,psi Oo, »psi Oo. ,psi 


tee nbeeet 


| 
TABLE XXI. DEEP NOTCH FEA NONLINEAR 40,000 lb LOAD 
NO LOAD RESIDUALS 
iY DISTANCE 

‘ FROM NOTCH,in. J, *psi Oe psi Cy psi G2 Psi 
a,c 378.7 243335 SEE. 1 -2152.3 
i, 34 SeSre.€ Sesis. 4 ~e lia. 4 2377.4 

: Cs e384. 8 248731 468.2 143.1 


‘Ss te 
ran 
fa 
me 
St 
sty 
[a 
se) 

: fo ae 
Dae 
7 
fag 
Des 
Ee 
_ 
i 
fa 
wT, 
‘7 


dee Br1i64.% Betas A ase. 7 ; 
a a . { 

1.28 S4n38, 5 $35.5 riQ.s { 

dea Se5t2.8 teerz.z 2a. 7 Hed. 3 

aw 218Pa, 2 15388,3 232.8 $78. 
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» diately aby SON 


corp wee ss arama ene: 


ae me gate ais: 


TABLE XXII. RIGID - PERFECTLY - PLASTIC RESULTS 


ey = 73,000 psi 


DISTANCE 
FROM NOTCH ,in. oO, ,psi o. ,psi 


TABLE XXIII. EXPERIMENTAL DATA } = 0.25 HOLE LINEAR LOADING 


oO, = 10,749 psi 


DISTANCE 
FROM HOLE, in. 0, ,psi a +psi 
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TABLE XXIV. EXPERIMENTAL DATA SHALLOW NOTCH LINEAR LOADING 
| 
15,000 lb Load 
1 
DISTANCE 
FROM HOLE, in. ah Lik a +psi 
Emma are) “ 
| @.12k Wat. 8 
‘ 4,258 2350 7 
ie iecn aS Ss 
A. Sea Sa S 
W.625 {ars 3 
TABLE XXV. EXPERIMENTAL DATA SHALLOW NOTCH 60,000 lb LOAD 
: NO LOAD RESIDUALS 
} DISTANCE 
; FROM NOTCH,in. 9, ,psi o epsi 0, »psi o. «psi 
=~ : 
7 
1. ee Sride.d Ls2rs.4 


eer tetera 


TABLE XXVI. EXPERIMENTAL DATA SHALLOW NOTCH 65,000 1b LOAD 


NO LOAD RESIDUALS 


DISTANCE 


FROM NOTCH,in. [% ‘Psi ry "psi S, spsi o psi 
= : 


i 
| 
mi] 
ae | 
ra) 
fa 
foray 
fei 
— 
i] 
rae] 
pon ~J Fi 
ci? Pei 
i 
Fut 
i 
i 
1 
ae 
Ee 
ma 


a, Sho Paes. 4 1eset4.e -2g132.48 -TEA A 
a.625 Trear,& LESe8P.6 “{RE8E 8 -~S3392.8 
4.758 Tosse.4 1arae.? 
A, SPS B4863.2 | 17435. 1 


TABLE XXVII. EXPERIMENTAL DATA SHALLOW NOTCH 70,000 1b LOAD 


j NO LOAD RESIDUALS 
DISTANCE 
. FROM NOTCH,in. 0, ,psi Oo. ,psi Ty psi o. ,psi 


4.258 S425, 3 {3713.2 “487 74.8 ~a7e.&@ 

1 
i i S2S4e.2 | LEH15.46 ~ P46, a “tattle. él 
w.c9G | s2824.6 | 16814.5 ~30017 4 -! i188 


Webs Adda, 4 1r4di.n W247 950 -i5S 1.8 
4 


j Arse BH455.5 | Ss138.4 


B.375 | FESGS.F eon Sas 


Se 
_ 
Dox] 
am 
Dut) 
aap | 
ea 
Co 
ts 
Ps 
_ 
feo 
oa 
J 
™ 
Bon 
a 


I a 


TABLE XXVIII. EXPERIMENTAL DATA DEEP NOTCH LINEAR LOADING 


15,000 1b Load 


DISTANCE 
FROM NOTCH,in. 


TABLE XXIX. EXPERIMENTAL DATA DEEP NOTCH 30,000 lb LOAD 


Elastic - Plastic 


DISTANCE 
FROM NOTCH,in. 
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APPENDIX B 


s LOCAL LEAST SQUARES SMOOTHING 


® corner Nodes 
o Midside Nodes 
+ 2x2 Gauss Points 


Two-Dimensional Isoparametric Element from ADINA [Ref. 4] 


The local smoothing expression from Hinton and Campbell 


[Ref. 19] in ADINA coordinates becomes 


oy Cc B B A Ty 
54 B A Cc B Ory 
~ = xX 
3 A B B Cc Srrr 
oy B Cc A B Sry 
_ V3 ahaa = 43 
where A= 1 + zs B=~- 5 and C=1- > 


With Tye Jos 33 and om representing the smoothed corner node 


7rr° Srrye and Sry as the unsmoothed 


stresses at the Gauss integration points, this expression 


stresses and <7., 


can be written in an equivalent form. 


o A BO B o. 

7a A BOC : Seay 
ont . c B A B Sry 
om B Cc B A Cry 
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INCLASSIFIED 


The midside node stress values may be obtained by averaging 
the values at the associated corner nodes, since the distri- 
bution of the smoothed stresses is linear along the sides of 
the element. Smoothed stress values obtained by this least 
squares method should subsequently be averaged to obtain 


unique values at nodal points shared by adjacent elements. 


er ae ea ee OD 


APPENDIX C 
ADINA JCL 


+ # x< H 
rs ee =~ = — me Re KR ee ae RN ~ UL ae 
od De ee _~ an ~ % 
* Bett ttt tt ot ot coal ax 
& & o ~ o o oe Cs cs o rs rs oe 
&t HAN AN FIN eff: SIN AN FO offs HIN CN AN an he th 
+ FR ms ee ee ee ee nas es new m—~— RH Nt 
* HU et ol el aL ML! ol ott et) MIL! oft! & Ulie HHH % 
Hq HR SRF Ue UR Se SP I ek Ko HHH NF 
#2 W>W>W>W>UI>W>W> >>> U> © W> ££ OF 
to # AVAO FDO IOJAOSIOSDIO SIO IO 4JOIORM HO ##H LH 
#oO FES er ee LU LL eee Le LU ee LS LS Om Ft HH ain 
tat HFOUNUOUTOUCOUVOUWVAKAIHtnagnontoOonvwZoOwt HHH OF 
Hoe 3% el MLW HU MU et OLLE ML elt) eU etl stitnee ott 4 4 * 
*#O H# BUBOPOTPVUFOUTB EV FO ZFOBFVOUBOw eo BO KHH MH 
1 Ban) FE TU TU Le QW WU TL LTO oI HHH ZH 
’ fo) FAFAZFAAFAPFAZFAZAZFAFAFAAMN UN eFOA HHH 
i] —o me ee) er Ye mY tA er er YD mee IY wer HH 
’ HW HU et oN ett af at oN af et off of etutl tt ~ Rurt Oe 
' Ne bee e Br a Ms le ee ee ee ee ee ee ee tee oe ee eae ~ 
] ~YW) —NOWUIODMNONOMNODNONONONOWVIOMO IlWMO ¥ wit Cw 
' ~ ” H—OMO™MOMOMOMOMO™OMOMOMSC JOO re TF ~ 
Av NI = DODOCANMANMACHOOOOCODOOOOONACOAQH # HH F- fon) 
ala J on Det Ot OH Bet met Ot Ot ot ot OHH OD ot RTH OO 
co oO wz CITUINTIAAHaH ae ppgcnragnanacn ge Kee a 
ao - an AQOWOWOWOWOWOWOWOWOWOWOQWOYOQW #at <q 
on ie On UOMNYNONONMNNMNNMONINNUMNNNMNIO TUL #£O 1S) 
t> DD et te tt ee SMU Ea 
nN7s av VMMNNUNNNNMNNANMANNNNNNNNMNWM EM HY ert Ney 
ons: —_ = Wr ~ UUMUEVYUYVYUYNYIMHVvEvUEVrNrnvtoanyvy eee) tu 
wes © © BRYN F Fee SF Ub ob SF SR I IE SE EO RHE 
OO *F a = A OOO MD COMM HM HMO MeO HOH _ 
Ou: +I OO x FO ft FH ee OP OF OF OF OF OF OD OF eZ eOFPOZF & RFEAHKNMOT 
aera ¢ Oo a HY OO mMOINDMNDINIONDKVIONIBDNDHDMWIMDMND gees % Reva 
aq@eorun + aati 08 OM OD ODO ODOM MD MM OM w He H TT 
ao Le HOw wo ~ DoSoSosSasasosososOsosasoso> #CHOOW 
> ibe Ol) ~O1? DQ AN AOUOUN#DI AN LO HO HOUTA KONO NKHOUOWO nF H# Ue a 
QOZOKrF ow NAD =Z=rzt FTztiFFF FEEZA Ff F *HtvVY 
b— Mee tee Ox« MOV NZ RA. UL UL tL Lt LU SUL I et ee LOR WHOS H 
YrarZodazaw HF ZMH QOUOCVOV OVOVOV OV OVU0OVU OV0V0G QUOK H# ITH 
Carr Oe HOM TSH OWOWOWOWOWOWOWOWOWOWOWOCOW # # JI 
1OMNIIET 40. KOWTHEUMLYLAU YOULL UYUY LO LOU ZH HK HOOK 
(Lw>ry-adSexKyYOORYI>O ewe te NH Ne Pe OS OD Ow de NEO DOR et % 
i] NAZWA Teh FHAIADHKOUDUOKOUONDKONANAHANANOLNNOKRBH ED 
10) © eesCYCOOFOMWH © CLIK ROOF OF OF OF O- MEMEO OE OK UE O>-HRHH I EK 
{wer # QOOF # LOILOLULOLOLOLOLOLULOLOL ZLOUNE HH FO 
Mare HWWAZH OM eM eA 0O ¢A ef *O 00D eM 0D 0D 0o— #D OHHH * 
wood HAvVYewHO O CIO dQ0A00T0T0A0 AO DO 200 OXF * 
Lu * J FO Oo O68 8 HO OO O HO Oo O OO DO OO OFF 
oN 5 : id FAK AS VHRWKVBAHWWAAWARW SAA WAAKAANSE HE % 
own tN FABRA ASARVAAAWAKH AA AKANAAAANANAAASE FH HE * 


Fae. < ae = “s oe 
> 7 e os : s ecemmonnrta — 
el at ati oe : ae a ere 


APPENDIX D 


PSAP1 LISTING 


alololelelelelelolelolalololalelelelelelolelelolelelel~ul elolcloelelelelalelolcloielol allele! ola) 
MANOA SR OM OST OMNMASINOE OF OMNM SNOMED ONO SNOPM ORONO LAC 
DOOCOCQO OCG wh eet atest at rt ot tt ME INI NAIA AIN NAN MO MO MOM AM MOST PF PEte wl 
FOOCOCOOSCOOSO COO OSOCOS COCO GCoCOOoOoooooCooooooocooeoooeoo 
Lap fen pas pa pam Jaw Jaw ue Jun owe foe Jue p> Soe we oe o> pm ow Sow ew > os we es ee oo m= ewe n> ee bo bm po ow ee ee eo bo ee eo 
LOVOQUO OOOO CU VO VOOOVOGOO OOUD OO OU VOODOO DUOLYVOU 
BKOCCCcocoocooocococoqooocoacococooooeececoooqooocoocecead 
COOSA OSES ESHSSSOSSSOHSESSORSOSNSOHSOSOaSaaHe06606S 


fig 


zor . [yy =) ~ 
or = DS ~ ~ 4 
-— < =a be ee ad ; 
Hew [4 e e e = (- 4 > « ‘ 
aNd wo Ww =z 2 2 a <q “ear 
Zad Oo po TTT OQ Oo o z = az < 
(4 Loos <x a ot tot ome oe ec = C 
w Muww za aq aad bh ad en a) 
77) ux < >a S) is) o) u. = OE 
ro) 2w- ww ve) Ww w uw oO zxaecocooe2z 
' C4 wT or [a] aw ad w bh Wu w 
{ x hm e = e= Come ome Ome on] gq Om 0 Ff 
: Ww Ww 2 oD ZO 240 26 jes] a & © WwW 
° aw 02 = > we cr O©1 o1 = f= ZL | 
“” =-=r~ @ a fr > A we « 
e Lak? | w pa a | aad - Ld WwW xe wo w wl 
= 2) ng oo < UZ ost us Zc eeNZTE Fa 
a ecu tw ws Jee hee LL mwe=— wn 
[4 i. 4 row “zo ae a ow aw Oo OfSrKH1i Oo m 
a q a Ow (s) wm tty) te? z ows z= oa 
(%) (=) fie he ox Aarx OF Ce we OWOOE mw 
= ere "nS = 12 12 12 (=) Oa 4 
< Oe ub <w Sw Nw 2 1 teat ZS =m 
~ - Pal 2] 7 Do os = = (an) x 520 C¢ 
a ed wsw iw ealond zw aw aw QQ wz a0 
(=) oce -—> z mi mm YW 2eeZzwen 
(=) le ey +t m=O aq <q g WJ mOnmbear UW us 
Wi - MWiiL we tt OF qj <¢J dc C wdieDie YY 
— 5 Xe) >> 1 a Kao FO Ou 4 >a (4 
uw a wu (2) Iq" LN an QO ecoo2zt 5 Oe 
~ z -or Ow WwW adc Cm Qn Onn O eden UO eax 
Qa one Wh eo A =D (=) (=) o COweo WwW Ww 
o << “xD «eo - - ~ Oo 3Se@s>“~0 6 mM 
= ua “a Me ow OW zo 20 20 zn nwo 2 <> 
oO <we We oO We wWw2 w2Z < Ow> «<« & 
”n xm=>0 20 2 uae == r= = aKade qw 
< 2 za OC. aQ = 30 wo wo wa Ww WwW Wy w Or 
oO So ao e < O> OD VS Zz =—Oeda 2 aa 
om ot Ue yw FQ W wer #24 fy ty we he eee 
-_ ~ an = we 2x Wet #£YO WH a0 —- agaadun &—- 22> 
[> ¢) < a LO et Nag < or armrarrare DBD ACA £D om DO 
EY} oO ome wey Z2 LH OUimtnmenete O SID Nt Oct 
hy ~ = [-4 = moc WY Zs Ou al oad ae NWWMSOQ. sce350 
lw i=) 2AZNO ao ww LY NEMOooqoondq@o De > we oeaatow 
i a = 2) Zeer Z a a) w = oo ~ S>ewe w SOme 
< > Ww qewo 2= 2 we NHOaeKHOMICMTHN Hewowacin aa 
=z (©) Ga pat Ge) OO a ee Za 2A 20 en Net -s5a 
oO Wu WO SS LW of Lend - Fe NWBHDNOHVNZuNA 
(=) peter 7.) SLNWIALKANLKC AKL WE TF reww 7D 
\ Ine ' OO —OeDBONMDOOVCAD Cec OekOD—Zfaen 
=~ ew 2 wm SeuuUduruidbur dtd Lwoweecew 4d@i.we 
a oorTt z wt uw uw uu OU CML UL COLL Ome UL f x 
< Cee j=) ZS WOCWOSWOMWO may woud | 
” pot (=) Wale NG COWedew 
a. ! ~- — itt i OW 
~ a a % * + * “On wn 2AM 
a us fo] Q oO & #a #0 #2 & ~ 
, < z a uw wv wn “ zzz LOdg 
: ” os < - ui Cad tot tot (=) hw 
a = (s) “” wa f=) [=] (=) Wd or Us aad 
P=) oe tT—2 2 > =z woce aca 
°o Ww a - 2 z 2 2 Maw Wi Ww 
[4 a ie) 
[) i =z 
a] = < 
7.) bow 2 


VOQOOVOOVOV OVO VO UDO VOU OV OVO O QOQO OND OO OU OU OU OO OULU 


ee aay 


98 z 


SCOCOCOSOCSCOOOCSCOCCSCeCCSOCoCeesacooesoooocoeoooceoece ceo 


ooococcoooecoocoocecoceeocooond 
SQOOSOOOOOOGOSaGSGOCaCOOGeSOSSaaa 


DATA 


ALLOW TO DEFAULT 


ALLOW DEFAULT 
TYPE OF OUTPUT DEVICE TO BE USED. 


4 
- 
< 
(=) 
~- 
2 
Ww 
= 
tis 
2 
< 
J 
a 
i? a] 
et 
(=) 
2 
—_ 
Q 
< 
Ww 
[4 
jan} 
bh 
w 
az 
Ld 
P- 4 


ARCH CENTER USE ONLY 


aS OS fH Ara 

an £2S5# WKN 
° YL wd ee ee ek 
AYuUDe# ZOSAO 2OWO OF 
= Uetbm Olsen come LL 


AT NPS 
*% 


0 ** 
GEOM2 WHICH IS PREPARED BY THE USER TO 


e (s) 

WU Zed el Me Om 
72) cq WJZ ZYrMN 
wD NOade RPMOOWESVk CS ve 
J wa Ss el Sb I Oe Od 
Se Server Swe EDaogodsawawsd 
LOPCULMOCCOdqUsrarfagudquowAaAd 

1 Pema eeWu Aaw 

i we wa 2 aw WoO ot 

0 1 OQWaInmrQan a a 

t 


a 
HROHWMH HH ee 
% Wt * 


1 
INE GEOML WHICH READS ADINA GEOMETRY 


9 
CALL SUBROJTINE GEOM9 WHICH READS SAP IV GEGMETRY DATA. 


G ON THE VALUE OF KG 
uT 


TRY 1S NOW INPUT _IN 


ax 
IDCASE = 


NVALUS 
USE ITF KGEOM = 


QQ UY VO VO COVE OU OU OO QO QU OOOUVOOUV VOVUOUNOONOU 


99 


Rae Ae 


fol aloeleleaololelelelelelelolelalelelelelclelalelelolelolelelalelelelolalelololelelol ole! elelelo) 
PDKOHMNUMLSWHOOM OS OMNMSE OE OTOaINMGLPNOOH OMS aU TNOE OS Canim. 
POE ROCCO CQO GOS edt rte ot ad tt td MINION NIN NANI MAIO HMA MO MEM MO Sof FS 
DOO ee ered rd 0 rt gad cred grand od cart ed cand cad ened od goed gad 0d goed at med god ond ord ted aed pared ound md paneg rad somnd gued goaed ued guest rend oan gd md psd ond umd cat ome 
pam pow uw pu> base uw foe fue jum o> ne a jaw no ue ue oe few om o> ow Jose Jue o> nw Je uw = ee ees ow ews ow ow Jee oe em ow ws em» ow o> ew ee ow ow ew) 
BO VUUVOUL UOU ODOOOVU HO OV OUDL UU OU UY OYUN OUUOL OO OUOLUOOULU 
cocococcoocoocoeococcocoocomocecococooecocococacocesooa 
ADOAGOGOOOHGHGHOAODG OQOCOOASHOOGSAGGOHGOEHSAOGACHOODGAGGaG0 


e 
2 
oO 
feng 
wa ao 
Zz a Na, 
ous =O 
mo ES [-4 
ox ce 
OWihk LM 
Ccz2> me 
[% jus To) Dal [4 
aw ive 
2ik m= a) 
m=O zx = 
QO. ad o2 
[ao wT. | pe) 
Weg az = 
m = Ou - 
“wood ue 
mls a > 
(Sy."4- 4-4 wu (8) 
Wiese xm 
Awa hw [=] 
MUA bk ont Ww 
aaz as) [. 4 
WY Iu Ou: <x 
=e a a. 
aru wn Ww 
omzOou z [4 
" 2a Od a. 
WY? ol — 
NZI Pt 4 72) 
fiom el an ome 
Oct 4 
Om 2zO bh = 
Lad Su (Ss) 
Ooeouw an -_ 
LUO> 2 zr 
=~ $104 wl) =z 
Ana po | 
«© QMS 1 | o~t 
Oo wen oad <q 
ee FU 2> - 
are OD C4 
ODO =—nmod “nw (=) 
= - Lo 
2 Or2z2 bno Ww 
Qa be poe ee [=] al 
-— [. 4 ua = 
— wm aZa. -~ 1k 
< te O = = 
OO O2~e2a oOo azo 
mm ertuikeO az Loh -4 
uw «nd (- a <a 
om (US oe an» 
= [ofa 4 we wn" 
Zz wnmaqgw mu 
w mm Lak a bbe end 
Qo r246 Ow Ot od 
pre fem oat oes E, -O C4 
We 
WW < ” 
" bh 32 
a < 
Oo [=] 


IS PREPARED BY THE USER 


INE DATAS WHICH 


te ad 


’ 
IN DEGREES 


IN DEGREES 
IN DEGREES 


AXIS, 


MODEL ABOJT ITS X-AXIS, 
OF MODEL ABOUT ITS Y- 


ECOND). 


3=2. 
IGNATING VERTICAL AXIS OF VIEWING PLANE 


F MODEL ABNUT ITS Z-AXIS, 


2=V> 


SIGNATING HORIZONTAL AXIS OF VIEWING PLANE, 
| &« 


CONTAINS VALUES NEEDED TO GENERATE PLOTS. 
THE FOLLOWING VALUES ARE INCLUDED--- 
E 
x 
E 
X 
A 
K 
T 
A 


USE IF KDATA = 9 
Ss 
A 


A 
0 
NAMELEST PICT - 


WON VOU OOO0 UDO QOQO00 VUOQO VO UDO UUUUUUUUOLOYU 


100 


SCOCOHOCOCCOCT COCOCOCCCOCECSSSCOGCoOCOCCCoOCCeC Coot oCcoooocooceo)e 
DOM OD Oe NADP OM OD ONS OF ONO SAM SIN OP OA CHINUMSNOMm OMRON 
PHS SPUN MND MMMM 0000000 O CORE REL EEE lM ODODDODDDOOPOO 
ek cared med raed 9 onal goed med nd ed ged god cred gad pred cal gd Od ed oad wed aed red ed gang pad ound acd md eed gerd ed gad gurnd Ged gad owed omed coed md goad gud GEN et Od eed aed md 
999 3999399939399 9999393999939 3993339233233 3N2353292N259595235592N3N53N5D522>5 
BOVWOOVOOOUD OOO DOOUOD OOOO OOO ODO OVO UL OOOO OOOOOOKOU 
SOSCE COSOCOSOOSEECOCELLSES oocococooccoocecocoeccocoocec 


2206006 CQggosoossoooeaoaace SHOOOOOHOOGSOGOGHh00000GG 
fan) Sue e 
e) OD pat pet few own 
a — WIC ot out 
>K00 Lewd e a 
” Wet JO. <P> Ww 
> 0 fo at ond a 
C2 C. LW pe oOo o oO ° 
moe onl?) wer 0 © FE ” ° 
> - NWO _— -— = w 7) 
Wi be Its 2©—- UO NN NN ate ps oO 
“fe Oo e zew = mn <n 1S) C4 ° 
aq a a.) Q -_ oH DN za e =~ 
ao SF aT SW wt OMY lad =~ ” GO ase 
-~  meto Fa Zao Ww Yt [4 i 
A WwW StI te Owed wa wa 2 [as] w&. an 
etqg <2%VeE2 am Pa 4 uw tom - oOo wl 
wa © om O8OF W MTO O WY ad oO e =A 
a wb Awd OO = te Ww < www aw 
az w <=> w FOO = = Wo - > 8> ce 
Z—= © OOdHOC 1 Omd a" 4 Lad (=) 
ta) ZYNNMQWe a CFO wh WLW am md > fat uv 
Oomms  f zZMwW FH Us om) Cc a o> = 
mez OwWwwW N OnOrr “uw z wi © © 
Ort ZZNNS oO pew a Aa am e oO re we OL 
kK tom Oc Dnmw man w WwW w > Ww Ox nw ZF 2 
c> x= m= qoz ecm YY Y © ad a ed t t ata 
wa RO FFe FT owns > SBS wegw 2e FP ar aN ws 
Awd mI ZV ae US we ON NEN O Ww ke we a a 
z Uo efQWO O4CO0N eS wOm WwW YW ate FZ 
Weeer Ceo FS COWe F 2 oE~w C42 ~~ w oO Wit S AY 
eegq sew Ztz Fen WH = m= J Ww w a4 Oo oF 1 4 
Ono CO enmalel mtetpet) oO O uw act = Qa ure <u xX x 
U,poomth 2 Wy OY OXF =m N mt e Ww © | 
Wa mt QOD oJ LL Wiest © ho Zee SO Ute (24 < aw tft - 
© QnOCO OCw2zsazw Oa +H CO OO Qu OOW 4 Cee Ore wn > 3 
-~ te aed a =~ O dee 2aet =tt OC O 
bh Wer Cntwet 2Owe | al dill ond eo) a0c00- “© ©2O a @ 
” OmeOondo OZ w#O © 200 “#F we aq < 
“# ZWOO 2 BxKY tie TS 4 JH Diem veCQoaaw au ues 
mete TOOT tL ee OO AHO HOOD WW Ww F oO 0OOC#> > 
LL ree FAY H#2aAHNS © (3) IUNZSPROWNEOOCWAN + & Lv 


COR et SMO eh WOW CHOW OZ AODmm se Wet =H POO st be 
ae Twe ff YO PW BMW ZOO Oe W ete & OZOdM wZ Oto WwW 


= 2 WE Nem ZOD = WOsk wy & == 
et as Verte SRO NOUS wenn bh a] ee ee Sa aa 
Lad ZLONg¢g —DZeaoO Zh =a sw YW ODD Wx ei WO ” 
kar Nw Peer pr a <r Sa 3+ S33-5eSauoroureer = be 
Wat CL BAILS eV IEOMW st et IE JN a al =) AL IS WI oJ 
ORAL SPWOO MOH WD WRMODODOSWW2CAY DEBE eee Dee SeOTOAMD 


K 
A 
NT 
£ 
I 
Y 
I 
p 
N 


tev ta UL af aw UU ee St ed CLL OU UO 
Yu WeOCa 2Zawtwehoww lw lwrnw Lemus Ww US <0 UL) hs ot LS oe 
ae {=} [=] OxXxO>rvd COHN Qwacean1moxHnaztra a 
wun " tt x 0 ow 
wt + * ee ee SUNS BH NNN ee 
*» #* uJ oN * © wi & % * + % D-H A tt 
a =) 74) Zz2Zz a b= a wo 7) <x x 
re «a ead oOo wm C4 - WY 4 o = = 
=z a Q - an a) = rc = x > > 
us wn a oan oO =a O a = wn 
= -~ a <x +» a za x - a ¥ wv 


VYOUQOOUDQ OVO COU0V OU OVO QUOD OOOO OOOO VVOUVOUOOUOUNLY 


101 


a oe 


a 


SOMTOTOSCSCCCOCSCOCCHOOCOCOSCCOCCCOCOSCOCOCCCOCOOCCOCCCOCOSO 
APNOPM LK OO HAIM SAO MODS SHAMS OM DAO MAM FO HIN OFOADOM CHRO HAUM PL 
SPOADAPOSE HOODOO OOOO COO Sot itt et tt IAIN ANS FF PPPS SE SIAINININIAIN 
dt at et ot mt MUON ONIOUNI CIN ANNAN NANNN NAAN NNANNANINAININNNAINAIOIN 
pus Sua vo Ju un foes jus > baw hoo aw et» haw fare owe = hay > few ow fue Jw eee Jaw fu Jnw fom Jw ee Jw une > few Joe = ure Je em pm ws Jew res ee oe ews ee ee >) 
WOUOOOU OV OU QHOUQGOUD 0 BOO OOOO OU OU UO OV OC OO DO OUD OODOOO 
OCOCcoocoocooccoc ocoocococoococcocooeoeccocqococoocococec 
SOGOSSOOO“ASSOSOE“LA™SESASH“AASHSAAOHE0646 AGoooaqaaaa 


cS 
a 
=z 


F 
tL SECTIONS OF 


IN PLOT. 
INCLUDING A 


TTING PLANES 
OT IS COMPLETE. 


INCLJDED IN PLOT. 
UMBER TO BE ENCLUDED IN PLOT. 


99 ¥* 
UMBER TO BE INCLUDED 


® 
Ww 
z 
< 
a 
a 
~ 

1 

>» 
= 
> 
Oo 
a 
< 
>» 


USN 
GRADUATE SCHOOL 


KIBLER JR. 


WHABA tH UIDWs SCM + 
xP PO #EOTHO W mace 
Bm OCO WOW FC eLlereszt 
CTT eOmOd DOr Rr wWZOOSO 
ZL Ore xKKe ae WwW WY ZOOZWoOZz 
> Hx sage a eta Oo —t 


nm kOe WA cma O 
Coat ad heed oat Moet oot) oP] oe 
lo aa Dad DD IE IE IIE OOWO I 
OPN UF SSF DE Dw PMU TOD 
Uf OAL 4 et CT reed tee ef OC eh Df tet et WW ef Se 


RIAN E. 


mts EE ore Us LL ek he OL SL SE me 
OtgdIOAZTOALO 

' 2a 
+*>aOuwe 


EEEREEREEEE EEE ERREEK EE GEEK BREE EE AR RK KSEE EEK EEE EEKE EKER KEE RES SE EREE EERE 
MODIFIED BY 


VQOOVOV HOU OOO OO VO OUD OU OVOQO QHVU OOD OU OO OVUOOUOOONOOU 


102 


SPOR SCARE E ER ERD ECA CEN UGSSERT EO RATUREASRE TATE TAU AT AEC EAN Oe One eee 
# # 
# anny SI] VIVO ANSWADVIdSIG SI C+NONSZ) # 
: + NON + © NVHI Yd1VIYD 3G LSNW----2ZN ; 
7 S3SOON JO Y3SEWNN NVHL 331V389 30 LSNh---NON : 
ft ?3%t3HM # 
# # 
# ON3 # 
# dOLS # 
# JNON*OdSIG$ 2N*7ZZZ)TdvSd TwW9 # 
‘ (NONSE*SIOdSIG® (ZNIZZZ NOISN3IWIG : 
# tTdVSd 11V9 ONY G3yINDAY 3IVdS # 
: a9VYOLS 3yOD ALVICTIV OL G3ISN hVEIVYd NIVh JO JIdWVX3 : 
# # 


Ud adda ddd ddd add dd dad i ddddduddd dd ddd dd dda ddudduddydeddpdsdedpdse 
eA RR eR Re ee Re RE EE EE HERAT EE ERE EE 


103 


eee T86T NUE SY3STVY £ TSVHIDW YOD7 AG IDLIVSUSA HOS ASADVAV ¥#% 


d01Sd JNIWS HAT) 
JiV1LON WON WO 11d Wd dhI1V9 
SSANAWILVES TIVI JSLVSYUZA HLIM SSNTINOYEFS TdVSd 
PuSdN LV Y3SLIO Td DILVSUZA ONISNu*YVE-I¥TO YIGhAN 
JLON WWOIINHISL SON NI QANIVIdXS 3YV Ve2ee8 IAGCOW JIIVSUYIA BHI 
AS $1JO1}d 30 NOILVSYD AANLIV JHL NI G3SN SANEINOYBNS JHI 
SSNITLNGYBNS ONTLL0Id SIIHdVYD GA1VIOS!I 


MAE RE EK RE PEK EA EEE EERE ERE EERE KE EE KKK ES SERA EKER HKTERK EEK ES 


861 
861 
B6l 
861 
861 
86T 
861 
861 
Sol 
861 
86I 
861 
86 
86t 
861 
861 
861 
861 
861 
861 
861 
gol 
861 
861 
86l 
86 
86l 
86T 
861 
86l 
861 
861 
8ol 
861 
861 
861 
861 
86T 
861 
861 
86T 
86l 
sen 
sen 


WOODY VU OOOO LOU VQ OOUUD OOOO OVD HOU OUOOUVOUSOU 


T udv 
1 UdV 
q udv 
| udv 
q UdV 
q ydV 
1 udv 
IT Udv 
1 udv 
T udV 
I UdV 
| udv 
1 adv 
T UudV 
T adv 
1 adv 
qT Udv 
I udV 
J Ud 
i udV 
I UdV* 
T udv 
JT udv 
1 udv 
T UudV 
I udV 
1 udv¥ 
q udV 
1 udv 
T udV 
I UdV 
1 udV 
I udV 
I udv 
1 udv 
1 udv 
J udy 
T udvV 
J udV 
1 udV 
L udV 
T udv 
L 90d 
9 20G 


0 
0 


SOCCOSCCCCCOCOCOCCCCoCCoCCCoocococooc]e 
HKHNOFMN OM OT OKINMG TNO DNOaINMSNOPOCO 
OOO O90 OOOO ete ont ont ent od ost ated UCU OUI AINA AIO 
Seoqoo0eoooooqeocoooeecoeoocoooeceoco 
aqaqaagaanaganagannanaasanaaaataodanaa 
Qedddiddddddddddddddaddqdddéqdaqdcdaad 
NMNNMNNNNNNNNNNNNMNNNNNMNNNNNNNMMNNM 
agaaanaaaaaaaaaaagaaanhaaaaagaanaaaaa 


= gare 


+ + a 
a 
x= co o 
4 ad za ~ 
+ * x ~ (o>) 
o = fo) 
bo (on) sd 
gte- 2 ina) 
+ i) + moa (on) 
ww Qo x (=) 
2 Za < fon] « 
lad “OO = t et 
* - * n> 0 e WO 
> ~e 2 - wO 
© =2 eo Oo ax 
[o 4 ~Oo 2 ta Qe 
; + «a * Aa me ~“~ vn 
( > “xO Ff A =e 
“ ox NN a. (=) o<f 
Ne ™ “ Oo est 
+ aw * x<N oo al QO woe 
us =zY 2 a aq Fez 
=x Ph = =~ woe 
| - no = Z> m 2aer 
* oO * <a > - oO ef MT 
| a > a ma om OM LY 
| ”n > ” =~ et Ot 
J <w 2 font ~~ A XK a 
* od e+ —-& Fy (=) Oo @AactZa 
< a >t F > O €£nr= 
=) zo” x 2 DQ pment 
-~ ey wy x Cd qt won 
=z * =z % — om a ~ Ds oy 
OQ Oo Qa we «x WwW “” — j— ox Zz 
z al > Oe am Load Zz e&*qe 
bea = gk SF =m (=) CO marx 
a z *%* - AaBn WM > z= Trew 
| a ao ww N 4 z e aoret 
(Ve) Ww > oF e «a - faa) oF ee) 
oa P--4 ee fe «K WwW Lad - be ed<is 
Go + om ee bom ef 1) cam WwW Cwetse 
o ad a qN EF <& qu ww Wo o 
N 2 NwOoOaAa > a zo QO 2>axz 
z ede ou eA2Zz Wn 4 Ohad) 
- % [-4 * me eaoe > me ZU ot) oe by 
~N D Qa2zrCxRK eee NANO 
~ bow) ~~ eOuUYrdt KAeRYWITO ff o>Z 4 
~N 7) wWwwrtlet AOMOAd » OZF & 5 
wv + + REOOM TO eeOSvO— Tox 
= z Amv ex AUNTS Zen MarMNd 
a ad <e oe Pwr AZ > Owr 
a 4 Pad eZ ITON <q ~w Ne 29 7 
”n = +e FRNA CEHZBN KSNMON & OZ mx i 
a Ade bee ZOAN SEWN OZ & is 
uJ Tee ees TOOYCWSSwy OTS : 
pa w = S<Sewzr CONSID WM) T= Sohal i. 
z= * - e+ ZQQOwWOewOCtwOdOddZenCns , i 
: -_— QW > Xe IZ IIS SCOOCH< aN : 
< ~ ~n Aus Y eo eRQLAA ANH © OE : 
) > = WZ WS xXSESSZSZZVwerini> & F 
Oo + %e OQOON VO aCocoocoos2tfunx2s 
a 72) WE Fe etSSSTLTTTIIWOWwWe se 
a -_ MEEOUL IZLE SLIETITIVIO>= 
> = ZOO DPMOWOOOOCOOH Oat MN > 
nm - He eV CEAOZOQQVOOUVE C420 Sy 
. mA) ot tte 
: * 
* 
* * * 


BYUVOVOVUOU 


d 
| 1 


. 104 


WER Ne ee ee 


COOCOOCCOCO COCCOCOCOCOCOCOCO SCCTOOCOCOOCCOMNOOCOS 
POAC FUN OP DO IOI SIN OPE A OMAN DED at eet tet ot et OO FE OPM OOO MNO POOH OO 
MAM MMMM M OOPS LPS LTS PUNMNMUNN OO DWE DODODOD OOD OR RIE Efe pe 
COSOCOHOOSOOCOMOOSOCOO COSC OOCSSCSCESEAAG*ARSFOOOCOSSCOCOCOoOOCoCOocoeo 
BAAD OAAOAAAMEAADHOAOAADADAADAOAS seetmemanaaaagaaaangaaAnaAaAAaAAA 
ali ddd ddd edad dd ee eA aed dd di dedi ddd ddd 
024000600040<4066006006.00660000 daerdeadaaadaonaanadgaanaa 


SUBROUTINES) 


C(ABCDL (CT) »F=1_l0),(ABCD2Z¢1) -L=1,10) 
31,10) ,(ABCDO2(1) ,f=1,10) 


" 

onl 
aa 

lead eed a ea 


*BLANK COMMIN STORAGE Z22Z REQUIRES AT LEAST *eI6y 


EN)=999) 


ae tee mA OOO, 
SaAaannnnnn ern 

If EDK Se pay nt tet bet tame ret Oo) nee 
OCOe00G6e)- 

Kt i DD S>>Sazwa 
5 222222-5 
SE em fee fee fre ee tes ee er ee ee ee 
PAQAAGULLLELLE TOS 
ZS DO DS coe pet ee me be tet LL 


wn 
~ 


*** TO DEFINE THE JRIGIN AND OPEN PLOTING DATA SETS 


**#* TO READ TITLE CARD FOR RUN 
C *** TO PLOT THE TITLE CARD AT THE BEGINING OF THE PLOT 


Cc 


72) 
[4 
Wi 
j~ 
? 
> 
[=] 
(Ss) 
2 
oO 
-_— 
bh 
<a 
= 
= 
> 
”“ 
-— 
2 
Ww 
= 
Ww 
wal 
uJ 
[o) 
> 
< 
Wy 
[= 
for] 
za 
j=) 
[(-4 
ve 
~ 
i=) 
- 
* 

% 

* 

(S) 


C 
C 
C 
C 


elafolelelelelelelalolelelolol sl elololelelelolwlololel sole etelalclolelelslalolololalelole) 

QMN ALD OM OD Det KUO SIN OM OF OMIM SIND OM ODORNMNS NOP DOO MAMAS IN wt 
DDD DODO DBDDKCAKPAOSGMS HROOOCCOO GOCO od ed 4 ot got wh ht ot ot PION AON CO CO 
DO DOD SC OCOS SOG OCO COCO O eter ct re ct cet at rel ead ot eat rat oat el ct a pnd wd we pend wed a end wt ot mt OS OY 
4804004044000680080070400646604460804464408040040600046.60.0 ~~ 
aqe{aqd{diidtadaddeaqdaedaqdadadadadddddddgddadiddaqgddddaaed 
NNN NNNNNWNNNNNNNNNNNYHNMNNNNNNNNMNMNNMNNUNNMHNMNMNADA 
B2AQAaGAaAagaaatsaaagaagagsaagaadacaagadaaaaaaanaaadraaadqdd 

Cel -_ ates ty =~ Ca . = 


Coe cml 
Fe ee ee -_ _ = -_ 
eee - —-_ —- & -~ —- — oad 
o See - See - Sa a a@a&oe - a a a 
zrFrerea zz 3 F i-5 = = = 
~~ ww ww FE er a en) = — ww _ 
Ls a Bd aN NON ~~ Nn ON a] oO 
N ™N NON ~a nN NN A ~N Nn NM wi 
Nn NN NOON NN NN COON NON ~N " 
o - Cn | - o ef OO wl - ~ 
-—— lnm o ~ Oe od Co ~— - ~ Ww 
- Pe _—_ oO ef bh ad —- = ue fo) 
aa a & od a @ 4&2 40 Ff a a a Oo 
> > > a - > > > > Ff a > > > x 
—~ — we > and ~~ aw lee > — ww —_ 
Nm NI ww " NN NN ©C ow a | I u. 
NN ON ON Load NN NN OO ON NOON ~N Leal 
NN NON — nN NON ~N NN ™ N 
= = 8» A i) “= e FF ef or - ~ Wn 
~~ om o peg ome Ce ry _~— ~ — 
- -& = — > ee Re eR _— ~- = aad us 
ag] & & eS dod aacuh(~<( hhUcrhctWlUrWle a a a Ys) 
> 227 a On 2 32 25957W a > 2 = 
ww ew SS Wes — wes ww ee D — wy —— r- 4 
Ss NM NL ow Oe Nn NN NN QQ ww Ly ™ = 
Nn NO ON A <— nn NN YN ~ OMN ~ (sal 4 
Nn NN ON ~~ yuN ON N & NN O ~N ~N a 
-_ «© ~ ™ ow o o -— © AN OC - - - tt 
-_-~_— 7 em = Pt ee ee ee ee e« © -~- - fa} 
ee ee he aa ee Fe &—e FS — OO —_— -_ waz 
aaaire ahmed a a&® @ 4 > a 64 a cou = 
an NN & oD nn NN CO aA OO XN NN NI or om 
— we ww fl met ~~ we wie SN Oe — we = xO 1 
nN NON ew {1 we NN N NI SL ow NON ~ ) - 
nN NON wa NN NN 8 wm O NON NI ua Oo 
NN ON ON ws NN NN ON OO Nn ON NN oe ° 
- o ° » = am rs rc o e | r ~ - Wi MN 
ee ee « tant ond ee ee ee ee _— ~~ ~ mm wa 
“Nh ih eH = we we hm he ke Ww = O ho aaa acm w 
~ a & A bt Aon a ana a a e fe ° a a a fa wv 
-_ > > - 4 Qi ~> > - - 4&2 Oo Wh -> > >» rw 
Ujentmar Aju (ues Se Ot pret wate ifuePww Ye 2 — wet we oO a. 
PAENIENTN ~w ind & NEINCINEND = we e Ss Ne A awn 
<ONONON SN Oce NEN New GO ™ Of N NO ON hae 
OWNWeaWA A —— NINGEINEN > ™ O ~S NM ON Ot +m 
aD ex OO ww MPmeAeOhe 2m OC - © xm 
YY —_m mn om =. am Ce ee e - wa -~ em = WwW 424A Le 
feet cd Po ed pw de fot =) Relea we OO = ee ew &e CO COC FTO 
THAW fF ONOW ADA HOW 2 te e a aqac FF ae 
eax exe FO OAD Kam aX MC a CG KR KO K rot 
We Uewiem K i 4 wietiwtj~=— © M ZF ~~ ~w~ * 22 of 
cn NN Nw eA we NN NN CO ww Nn N@e NN @ OM OO 
AeNaeNiaAN ol OF Ne NaN 2 oN -— ~ NO NN © e° 
bh, PP EOS Pl ot fue NEINMNON GAN £O - N Ne ae Wi CO 
erewmevraemn) CO ed oer ene em Wer Oo mba el orO aa wee 


a 

me ESSERE HAWOD ewe FEES SLO ew OND MOT DSE OF Po 
ROT ODSODS ZEA eODW3 HR Db Dw DFOFTEDOw~ eNDAMODN Dew OE Oe 
AWZ2W2UZODZ2ZOMNwWZNSd Za ZS eDOD 24 eR Nw ZOZMZWAZ oo oY 
Ocdew(QuciSee Zee wee lwOwOZ SeOWdlelie ~w wh whO 

OX SEN claws pe tO bm be RISEN SN INA ee Je he ee EO rote IN IN INO OA ae 
ced ed ee eee SS dP Ses FINN) JIN Zw OL cf tee Fd PN ed I I IO a ed 
UL NLLINILN INOW WO OZ AULA LL NIL NL ENOL COW OCORSNLNWO CO ata 
mt ee pee Oe tag Oe IPS Ltt OE LU) tere wee pt arte ee Dt IN Lt BL OS BO wre eke 


om = a) -_ mt =~ om st mt) =~ ond —_ ont 
o © i=] oO *% 
° wy °o ° o + % 
o a4) Ld ° o ee 
jo] 0 
teed YQNOUwW 


106 


COCO CSCOCHOCOMCOOCOCOCOCCOOCCOCOSCSOCOCOCOCOCCOCeOOCCCOOCO 


DOCOMO MM aM OMS TOOCOOS OOO Ow tent Hh ttn nt mit IN AINNIN ANNA MMM 
RS DRAD tet it Bott OOOO OOCO OO OCOOCOOCOCO COSCO OCOCOCOCOO 
eet ort wed mt OL OO Ob ee be bm bm bm bm em bem bee fem re bm bm bm be bm be be fe bm be be eb be 
Creetereaddddedaadqqoooceocoocoocaeocococooecocecooceoc 
ABAAAANNNMNANNN Sd td tI I I I I I I I ot a 


{ 
| 
at wet ot emt ot FLNO  t OR E mt NIOIEN PIN OPO OO HN MO FNM OAS Ht UM SIAL OPO mien 
AHh#G{eq*{£{O000 4O60A00044668604640064060007006000608000060600040 

1 


* + rs 
~ 
op a 
ad z i 
e +e Land 
- = ~ 
~ Qa ~4t 
Ke z ws 
% + 2 o —e 
Qo = an 
Za zo 2 
oD = Le | Cc 
* e+ NS BC ~w -~ 
~er Z “2. - 
z=2 » dd) a 
~ wo 2 tm me Cc 
eo *& + Wat mm a0 
° “Oo = >> _ 
- C > 4 ~~ a ee Ww 
" td Ne AN WO mem — 
a * +e XA » — HO a) 
Wi = =n Zz QO NA ud 
fan) = >-— wm = we = 
Cc few nC = z aa <q 
=< a %e Sad x. DNs z 
> a > a oom} 
oO - » e a YW mANn WwW or 
~ = = Mu 2 — ot eS uu 
om“ a * Fao QO = oh om = 
to uu > eat Ff > Fer — ~ u. 
Lo 2 hed MO «K Zzace < od <z 
oe Oo Lad wn x = se Ae 6 ~ 
Lr) Qa * ow - Mm a Ome) LY -_ ood fom 
Oe = ~N ~~ ow K ww YN mann 2 a Co 
-oO= < - Oa < ZN — tow = Wt and 
a OT, = - au Ste Oo wet > a 
an! 4 Qa + % AF nN TM D> KFOx «& = ow 
YO e j=) > xWwW NN Ne Zz ane w ' To od 
mq tw 2 = Cd - =e Seem OO " as 17) 
LOW —_ ge KM MW -_ er =F ~ Wet 
odd 5 a % bee ft ~) NA ma eN DF — aa 
a oO >» «<n = -4 uw mw 2 aod uu 
maNat) OO ma = oon > Ma a>~OrF _ 
NAN ENS OC & - x AWS ey) ZuakenuC 3. me 
err ee IN a + e + eadoer <> ZSWAawk ZF = Cc 
AIA ed OO 2 = wr SwrOox~ Le COOK XK => Ww 
owomMmoo DO — > aad CWwrdt TKO meme ewe © 2 Ow 
eeoereeo ker = z Cc Wrest NEOMOxanmm OF Zo 
el nd nd tom ("4 ~~ *F e Sex SEO oO UHOO - az 
eeeee © W x< oa. MeetqxMe KA SMO ZiewiN 2 o re 
OODDO OO &— —_ ~ => See ZO ww Lt wr 
eeeeer = OQ wa ~rton ON C4 Owe Cf Ae (s) 
Onooeo me ~ aA & Zt &# YA MZZBNrN NWAZOAC O OO uu 
ween 8" CO Al a raed (/) ZL eA eee VON RMA OM ae rw 
betel =e OU ~ a Oe aa oe a 2e az 
dawJkmeRs GOoa « Ww < Zier zt INO JSw + om edt 
aAadcea wornec oO Zz + Lh GuG=w>-olsneCazz— <I tw be © 
aa 8 oN =~ wa Ore¥dIZKXOOaRKAOOO Wie abs ° 
C(eQOcgewOws hw Zz ww o®% eVeRNWQ Nee WW wD Ww fon] 
VoZZvto7KeAwzwsez D wa 2 ews xZzZZZ22uV~w X =z “oO 1 
eacowmt eC xr CO * OW # CNYUCAOCO0oCezZa < OS™ az w 
aad I ION ETI wd SeadSetrtrsrwuM fF ceZze = > 
od od aed ed SO er eS ed Fe ed OOD [~ aa ZSOuUts=ZzEILIS TTI w~Z OQ 
qdq{ed¢tu,codcwawZz> od ODTMNOwWOOOCCOOm=2 0 OLO OO = 
QOOCUmm= BiLOCTOCWMN £€ LO * L¥BAUZOOOLOLOON we OO ~ 
LN 
io) fea +H * QO et 
i=) lew % % Ww ee 
7 = o + 8 % * + % 
{ YOUNOOOU OUU OUowU 


J 
| 
| 


107 


CF ©CO COCC COODOCOCOODOCCOCOCOCCOOCCOCC OOOO COCOOOCOOCO 
WD QA DD HAN AS CMH ORO MAM SND ER DRO MAME OPO RO MNM ENO OROMCY 
MEAD MNO FFF SOF ESF FUN NUMAN MNO 0D DDD OD QCOOE REE RE RMR ODE 
CDOBMOOTOOCOTOCOCOOCO COCO OCOCOGSCCOOC COCO COOCOCOOCOOOCCOSO 
Pa ae ea 
oevocorwcecoroocoocoecooocooeccococcoccooooocecoocooce 
SHO. SHO SO I I I I I I I i Id ed Nt td od od dd 
aaamaadadgaaacagcoaaaoaaanaaaaaaaaaaaagaaaaaaaoaaaaaaa 


Wu 
> 
—_— 
~- © 
an) 
7 a) 
° 
a © 
— 
o 7) 
“oO - CC 
7) jaye) z & 
ad = Ww 
2 UW = - 
us ze w x< 
= cd wa 
Ww =O Ww = 
fo) oO Oo wl "eo a 
e e 7 WwW “ > 2 
=~ -_ “~ — fe) e 
ot or Or wu —>x< - 
° ~ O eo “et a Oo 
UN wi wit at 4 Ww ® 
“ WW —- 
ad 92 o2 OZ w Ow Oo a 
(=) mo ae) eke Bl od oz Ww 2 
a ray ~— me ft Ze zu 
a own On Cn 2 baad oad Zz lh 
Ym ~ ON O> (S>< me ~~) co a 
~ Oo [= 4 a i) Oo = 
> J aon = Cel =m en 4 Uy -~- 
x a Cd aa) Ww otond mt med xa © Fw Naw 
cmv wl = ee ee er C SF rw~oOe 
} =m. Q0N « = we wae Wo oO 25 oo w2x 
$ Cate eer ~ aus pg ft} aw 2 —~ OwG 
> 0D Ooms ”n ee ee ee Qe =e e 
2 10 AL ont bin >> MNRAS NN WwW Za Cc 3a2z 
fon] SOR Ta <> at O x me <x >> Wo ~- Zan 
->0 e@ ed ed ad © =z z= == WY ze = 
Oo Wu o@ Ww >> >> >> WwW z CO w@za 
" Ort>o CoOuZ an 701%) mM = mw oO 2~2 
, O> of (ib) - wx wu “x O os - =e 
OQ men om Or z ee ee eo Ww ow Oo Ody 
mam 00 com > aa aa Q0 a COwO © ada {oo} 
OxnOn eo 0 ox Oo 0 NZZ_ NZZ_ NZS nal ao me = 
© Cup WWOIwOOON OF © ef@O ef oft w Helin OQ « ws 
Wor e Zeus ee ow WwW emt Ceo emt ec omnes ZF Omemzm ¢ mw tS z 
WW JO © eOOOO fmt Net NAN HON om Sa owe EF Z cd 
e *Q at WWW Lua, e bm © oe 0 ob 2 0 FSF OS UW emit (Demme Alpe ot 
OCs W Wud wet © me IF BOO “OO Cf mw eyiiOw OrWe ey il 
OuWdwS> Deoedd ! — HW Win wy Wi SOWRnKOW WFO 70WUZ 
OBO 2 2ZOYVOCHrF- it Ore Oe C88 —@ OZoF 2 Mw Zo > 
aw Om meYWM LU YW ZOmmsaMaSZNMY W ZeewmO OO dese ¥yo 
at 2 ete pote ieee el OOOO MONYY OC mPOZai ZF TAZ N 
ww od Zwwew JOCOCIE CO = ww ewe ww ad ~ ZweZ it 
birt OO OUULIMYA O YMOUMNOULNOLU © WOWWOOL wo Cc 
monet COL) imme) KR ad NOt Om Ore LEO be Zt IO 
om 8 * * o * °o 
~ oO =a * % So + _ 
~ * * ~ * 
o STS) S) WI WOW 


DOCCCOCOCCCOCSCCCCCSCOCOSOOCCCSCCCoCcocoecococoocooecococoecocooo 
CATA DE DEO SIN FIN OH ORO SAMOS H GCE OHOOHNM SHOR OCC NGA TNOPMOATO 
VOD ODDODDWAAKCAKAAGCHAS BOO OOOO OOO O ee pt at ot ed at ed mt OMI INI OUI OIOAIOQUALEN 
DOO COO OS'S QOS} QO OOO Oe er cat ort grat od ont rad ened gad gd ed ens gad ened gut cart gd pout Sed ged ead owed rnd ome cam gud ed goed emt 
dd dd dd ead el ed ch eal an aed saad ul eed ouch eed ad nan ook nh ood od ed dd oad ed eed od aed 
ecoococcooooseecooqcocoocoomococoeoeccoccocoooecooocecoc 
eed ered ceed ce ered weed weed eed ced wed ed eed wed wed ed wed ced wed ced ed wed cd ad wd ad wd) od we) wd ed ee) ed we ed ed) wed) od ee) cw) ee) ed) ed) od) ee) a) 
4060460.446000400604460448060440464440400404000004404040446000 


ey 

ont 

’ 

» 

LURTUSTED) ° 

mem om oo) ad od e 

QQqgeqgaaa o 

2SZZO0O0 ~ 

wwe th) Y/) wal 

nad mel eh “m <z 

aaanrht 2z ns 

pon ee Tae ww jos 

reRE = NIN = 

i oe ee He a 

lL ae ee =} ~—m P. 4 

mae TTI © Ae - 

ZZZMMM JZ eo a 

wesw XP mI) Cer } za 

aaartee ww Ww 

NNNOUOOD @ - <4 _ (=) 

mops KI LL +e z ~ 

GOoortsezt e raed — hed 

XKNOAA xX 22 ol - - 

He te - ~—w o = z 

loleoleolololo) mame amenm > [ad ) 3) 

oeooooeo oeco2Zz2z 2 + ~ x< =) 

md oon ond god eae Pd © 0 SOupumme LL _— ii] * < 

wWUWoAd 2 NA x< ~ — 

ooooeo0a 2220 ~ oe < Palo) os 

CD baaw Deve fea fee foe ee Ce Oem =O i\eme = = ee > 

NN aaacaa oa Nw a fA 2 

Qoooco ANN PSN ad ica > oOKAN ! 

Oo euoudo meted b> OC. O+¢ <> NO < 

Land . QQ042+ x< br ome ae dale sx i=) 

me = Aa>2F0Q00 2z 2Zz WlwWK COON 

OQ K*2Z2xK2xK2 222222 + OQwwt ww COS Rw =) 

DeLee af me af ee eo 9 twee QJ OR N whe + +E , p< a) 

Pa a Adh6rrr < + CO w#@=4. OOO < 

=~ KK > RIN 42zzaaana are O CC 22m OSZuw Ww 
C MxM > RNIN ffi xX orn Ontathe Se eww © LLAO 

e © ee © © SMOG * 6 Carew & CO tee ¢¢ eee =a SH ~ 

OD  pewpmebe pe wpe 8 0 Comino tt dit | 2Ge~m0O Fre COMO NkekKeee N 

We JOS WMOOO 0 0 e2PZZ e Wiliawu(S SE ewe e222 e 

erteaevsee Gaandd Goo Zeid OWW K>e WWW o 

oVaneaas Tt WT LSU et eeteme Le 8 ee — 90 f2 200002 w 

Zwooodsd 8 RNNN 8OO SiN Ome I ew OKO 

wOZZe SSS8 nda eS WwO It we Ld us fm LL be Swe 

Abd CF) as rns tar nas ome ZEN? SW) NOZWeereO WW HDeemODMi nn nde 

OZ bel bol www tet tt e O2202Z 22202 Zan 

SO @020848444040046 pont > bem he COUN Omer OU, bem fre Pet eres Se ret hw pepe ie 


Zh <> HNN SS me ¥ ZZ UNS ZS SS eR lew ZZ 222 lie Zs 
Mle C3 A tl On he ne eee?) bole 9 OL OL OF be ZOU OO Ou ON ed OU 
be ZZ mas fot tome tg od Pat DE > PAY Oot paged IK ew PA Come BL DOLL, Cet OK Dew teeth, HK LK Se Let De OK ee Cet 


° ad uw an 
N N N N 


WI 


*%#* TO PLOT ELEMENTS 


lefel ol ol ol alo) ecoco © © eocoococoe ¢ © Eoceo Ooccoooooco 
AOS OPN OP Ot at th CO ED) et et OS mt et CU CPU IO red Qed PUD OP et HO ICU FL OM OO 
{ CAEN EEA NE ENO DOS PF FP DOF DOP DMUNNINAMIWA NINH OW OOOO GO OOD! Pee fh fe Ph pe fe 
i edd red med mt erat eet ome TS OS ed eral et eomed eneed CS ang OS cnt O° ed ged pared ened oad need eset emt OPS wed CPS eed OS: ond reat gant emend J OS td ed oad mt pd ed ed ged gad 
{ Se pee bm bm fee mm wet cnet frre bm bm fame am ad fem ed fo om fe fo be fee bam fee rene fare eat fo sont bam ew fre pm ened pt fem frre be free fee Bom em b= 
SCCOCCOCOOCLk COOOCCOCOeCOLOCHOCCOOORKk CeCe oceoarweoocoeccooco 
cede) ed esl edd ed eee. Oe wd end acd ced Od Nd ed eed ccd cd ced ed wed md Oe Od aed OO. cd cred ed ed od ed we ed! 
QAnGaaanaaadmdanaeaanaaaddgaadmdaaaaaadgacdcaanadagnaadqqanaagaaaaaa 


i ” 
— 
za 
Ww 
j = 
fe) 
wd 
pe 
b4 
(=) 
ket 
a 
@ 
Ww 
(=) 
oO 
z 
- (7) 
N “I 
o ~ 1 
-~ N [~ 9) 
-~ & =~ mo 
as ££ N qm Cc 
i oe -_ ad ony 2 
2 ~ = -4 < 
uJ ~ a Oo 4 aZz 
= N wa SC wt 2a Ww 
mm uw ~ _— = > end ed z= 
ON ) CO -— | - - eo < 
eo Ud - Qa eo on) Ow a 
~—— -~ ZF = ea ce a 
mA Ww a a) ~ fF = & 
} ~ z —= we we -— - - om [?8 ‘ 
oo be be < - CO & = ~~ = ~s a ; 
ore co od Oc & to a ©a fy -§ j=) 4 
. AIA [- ato 4 a. ec> & ™ J Ld 22Zz = 
ian) _ >> Pod > > [ed hood =< + ad — 
oc =z oe U8) _— = o a me Nee be aul sad o 
Or-rF ud ~ j=) -~ a= Soar C Ca t 
ea = mn (as) ~~ Za a C2 “co + 
oc Us wes 2 dd ' <a x << 
Geo = haw b= K-Ome te faa) wer On aed LL —ww ua 
oo w oo XJ a27o oO +r ke e2aDe be _ + 
— 44 ewe Lad - wHOFw aa ror) - 
=—nNOo=— wW >< e a <zx< x Q © aa =O ft aa < Re) s 
DMmNP ww z wow we o ONZE adhd WW or UU! od . 
eoew © rb <x wee le 4 Nee ouZaitDnr+ dads [4 N 
Gea0a 2 wad aw liad ol VAURMECOVUSEZIaool® <q " 
Www aaom aAaoa AD © Qa2Z2 NOW 4A2A“0Aa7Z =O > a 
eo ee NN Wid de Nd ad weed US ed OF us 2h ded Zi a dO Ww 2 : 
oaace Stdqp~ - Se aSadty w- 5 NJ Ske fa zt Ke = i 
22ZWw we ZOU Oo Zonu2zy0 oOo 2 Oo8o<460 ‘qa OQwnaaqdte a0. 2 uw : 
Ww tls Cc = ew = CO = CO Ww mt HAO QnA OMSUWUO st Oo 3 
222d ds Mae 2 RUN Oe na] ~ & mon 7 
www OC. ood mad a waz ai au } 
LiL UL O<aqOoO OO OCeORtOdO O Oacdc Oo oO oOo 9aao 
amt) CO OVO FM OUOQWUL0 FP O56 a Oo —- YOastO 4 
J 
* oO * Oo uN * © uw ea uw * © 
+ @ *» Oo ° * nm N ” rm + + 
#e oN em ina) * om oa) na] eal em 
Www OOW UOUNU COoO 


ri 110 


Oo ooo S0Cece oCocCc¢ TOCCCO Comecoeceocoocaca oocooococoose 
med tO et OP ODS et et AI) HL OP OO Demet UME FIN OM OO Omura OMDDOMNMSE O 
ODO SOODDODDDAAT ODE ARAAKRAOOOOS OOOO O weed at cnt ot et ont IIIA 
OS aed ed OS cant eed peed ered od OS cred sand and OP oad ont oat od ont OS CIDE CUE OUI NI OIE OA AION AIONIAICIN OA 
Jom eed face me cmt free ram fm fee rm et fom fre eae ceed fm Bam fm fm fee ered fam frm fm fe fm fram bam ba frne fom fo Fa fre fee eae b= fom hm frm fe fom bam fem bem fe 
Croco coocce reece cecoeeccocoocoecocococeecoccecoocco 
ee cd ced wed 1. wee cd cd weed). el ceed we ced ced eed weed dO. red ed cd ed es wed wd ed wd ed ed a ed Oe ed) ed) ed od) ed ed ed ed ed) 
O<40.0.0<40.0004 €60464<0006044d0000006000464460040400400004604080 


a. 
2 
i 
a 
> 
Ld Laeed -~ 
a 2 z 
>. 4 ry 
—_ a a. 
- Ww > ~ 
faa) > bal C7 
- x a a 
~ bo] =< x< 
a =) ~ —_ 
a ~ Ww ie) 
— om oJ > > 2) 
land ~ a] i. 4 [4 bw 
f=] ~~ Im > io) > 2 om 
[4 a [a oO faa) (S) band (=) 
Dd > - -~ x J o wo 
e ry A. _ <a a a 
-~ ~ Oo™ _ a 2° a S j=) 
a ~ eo ad qa - <=— wy [an] ~- 
a) wer en ml a We Ge re) -~ 
- aaaga2zx< ~ -* ¢ - [= 4 oO 
mw MET cw ca -o 0 =o jan} o oo 
oa. water ee ta om -~ o> o> rang 
es teerras od on = ~~ ee bo ~ 
<x o zOoCOx~ weer emma NN ere PPO mW oO << Wo 
~~. Se Ce ew UU GB2aaaacxK = AaAaagaoaaZzx (o) Ae 
bao Pmt ef CO ML + oo ee bd e ZIZZSZMMZ ow ” Ow 
ate Olle ttt Suz wwe mem | OCF a? ee ae OF ee LL -~ w 2. 
aaa aamnO Deeee i sz wt bm jaw b= fom bee fae toa) Oo Ze 
Peo eae names ae zO0c0ex<= twerO OCOOCOOYvmw e — seer 
$< AN Swewwrww JZ SCI wT OD Meet CASK wD WwW oO =o 
AOWG I AOOKALO+ Xe Kee SZHIAS KS MH KM eS = Ww He 
ZS SCMZORM SRR Old re nOoawWwenasa tink nQom © > Oe 
W wen E4 mame AZZ ZF mmm wee rwowaw ze 
Nad PH ANNMOAZ Iw LN SMAINMMFZIZRHBMD & -% 
ie) ANS wewwwrw OL OOD A www OF 2EZ OC aE 
2uon SMUNAIOOAKAALWE moO ZY WAAKREAAALCUMOMOe 8 OD 
ZU Se MK Doe (sa) 2X KS Me eke wi Oo OS 
z 2-2 wet 
Oo coouod oO ou 
(=) YOoro FF On 
w na Ww coo Cc & * 
4 w oO om CO OO 
a) mM «4 Ar O&O ODO 
~~ 
WOU 


pe Be 


pawn 


SEC COCODOOCOCOCOC OCC COOCCOCCOCOCOOCOCOOOOCOCOCOCSC CS COCCeCcoO 
HOROMIA OR DHOAMNMSN OR OG OMAN SNORE OF OMNUM SINE ODORMAIM YS 
QA AMM MAMMAMM MOS STFS LE STE NNNNMNNNNINN 60 00D DODD OOR ERE 
NINNINININIAINNINININININININIRINNIAINAINNININNAININNINNNINNINNNI RAIN AINA 
J bem fem Fem Pam fam fam fm frre fam bem fame fom bam few Bam pam fe fom fan Bm hm Bam fom ae Fam bam me bam tam fm bam fe Bam fem fre fe fem be mt bem bem bm fem be fem bm 
coceccecooocococoocecccooocoococoocoecoocee«£cocoocca 
PT PY Pa PE DO ATP PT DP a PY DN PD DN PY PR YP PD PY PY OY NT DP TY YP DY 
AOanaoooaaaaaoognaoonaooaacaagaganaaaaagaaaaaaaoaaaaa 


= 
~ 4 
io} <q 
ve} > 
oe 
[=] Lu Ld =z 
~ aot 4 
dad <z 
o ereys) x< 
oO MIN - 
aaa om ~ 
-~ ~QN z2 ba 
b 4 nae ww - 
<x bb p= ANN N 
= thi Lh. ee ~ 
[om] font be Od — -_ 
2 rrr men a 
e nNunwn ee [+ 4 
- <>< A -_—— » 
o Cust oo —oe o 
° a ed C- <4 ~ 
ce nd nd ont ot eon mt EET. mmm 4+ N 
[mlololelelololS/S]5) ooatszs oo ~ 
Ch aaa tao 222000 22 = 
aaa we we te oe 3h ww oe oO 
mooneccANN fam free fram came om come >> a 
OL bre bem fre fem fae pe emo om AAO ated st te < 
=z fam jam fre S> Fwwew me Cy 
SqQQOnoMowuw aaa na! -~ 
oe Cee HUMNMAAN ee ~ 
rrr past Oot om —— ~~ 
CL cms siedenean ems ATA amnASO www -— 
Geen KN ont mt > aq oO 
Ort IIONIAICC + > & www + + > ++x<> [a 
a? as? aay er ey? eae PE oe Ab baw = momaded > 
mx SK ZK ZOOD NNMNNAQAG 2zuw e 
Laie dqeede2ZZ ot tom Ot ww -~ 
OtzsrrtItslweww CO OCwww <x e+ - 
ZNANNAIRIBE bm bp <> NH bb Hemme —_ 
o> > O00. aaa en b= 
bm 3¢ DE OC OC OE OK OK DE aot on I ode ae 
J Ce 0 0g Crew OOOCOOw~ew o of ecg 
Che bpm ob bm te He 8 8 8 8 8 ft wb =A§CO Os 
mS IO SO SIZZCOOOWwwWwsrSS Nw FO ~~ 
Cees oe oO 22zZe Pre aia Oz 
Zoe en em aem om eran I} i} He 8 etm et ome oto 
wADOQAGMMM 2AaAWMNnnke ry i ont ce 
ee eee ee ee SOF eases 
0 ww wo ee cmd emed gun Om Bone Pad eS =|]5359335 
Diep bet be WN eww QO 1 Ht T>uzersz wu ozezez 
24.8A044064 [on wl Owwewe feat D4 nd Dent Oot 
aR PN MM eNNN ZZ Zamem Ope bem bee bm be EE een bn 
a ae a wee rg ae at od nd amt nt Pat CP MENON I} If oocozexazzzz2 
(TeVagragrigvagrag? at imlonl onl ee eCexcoat@aeaqCcoocneo 
See se oni IES MA OR OC OCU 
sACOceo 
OWN 
DW CLAIAW 


112 


bo 


NUMBERS 


*4#* TO PLOT NODE POINT 


aXPTSYPTeZPT pUPTsVPT WPT) 


ALL NDLET(NUMPT 
GNy-YORGN,?-3) 
*** TO MAKE ALL GRID POINT NJMBERS POSITIVE AGAIN 


we 


=) 


iS 


ht tet een reat natn: Serene et an 


falolalolslollololololol=lslolalelololeololelolalalelololelelolalolalolel oll alelat wlolelelol=) 
DOM OD OMG SN OE ODONAMS NOR DROMNMSNOR SHOMNMTINOMOCOMAN 
MEME DL LOS ODODODOAE AAPA AAAS OO OOOO COCO whet at ent edt tt ot I IN 
NAINNNINNINNNNANINNNNNNNNNNINNAMM MME MAM MC MAM MeMeMMeMeM 
me be bm pe bm bm bam frm fr em bam ba bm em am bam im Bem ae bam Be be hm be rm bm bm bm be bam bam bm ber bm bm bee em be be pb 
oCoeccoocoooeocooccoeoococooooqqoeeccoeccooceoeccoocooceooo 
ad doide Dod dd ld I td tt ed It od I I I Id tt I I I I 
-W.W--W.W-w- 4-4-4. -W-W.W-4-4-0-6-4-4- 6-4-6 --@-8-W--@- 6-6-6 8 


* * * + 
* 


# + + 


VPTCLD eWPTCL) 


=) 
-_— 
[- 4 
~ 
{lu 
= 
< 
[- 4 
< 
a. 
fas} 
” 
Nong 
iL 
[=] 
"2 
Ww 
[s] 
[=] 
Ww 
{58} 
=z 
- 
oO 
z 
Oo 
J 


Re ET SCALE, PL 


DETERMINES THE SCALE FACTOR FOR DISPLACEMENTS 
+ KPLOT ¢KSYMXY 9 K 


OeKOcdgOm O 
¥ eT Swe 
mt FO Pie 
- sx EO Qa *%e 
mt aA eNRAZDO= 
Ne WwW Cf ASD oO 
oe + ID rEMWSZZON 
maemo OF oC 

ZZW MH me tl tomtom 

QO mean pees 

emt tte 


be d= 4 
nnewwo0enn ne 


Fa LE LW vbw Opim at 
ZOvzz=zr 2a 24 
ODTMOO=uooroozrto 
* + # USAWOOYQLQOU0R0 


min 
° ° 
~ N 


SUBROUTINE CURVE UXP,YPysN) 


+ ewe % * * 
WUIIWIUWUOO VOOQWOOOOU 


7 
2 MIE Nines 2. 2 TIRE 


(Volololalolslololololaslololeiwlololalololalalololalolofolelelel~lol~|-lol-lol-l=lol~lololo! a) 
APIA OE DRO MAM SNOR DROMNMSNOR DROMAM TNO OF CANON OR COO 
NIN IAIN AE EN ET EN OF NE EF EE PE Pere SAA MAIN OD D000 00 GOF 
MAMMA MAM MAMM MMMM MMMM MAMMA MM MAMM MM ME MMM MMMM MMMM eM 
Ah em Dm fm bm bam fem Jom bm bam bm am fmm bm bam bem bm a bm bam bam bm fer bm be Bam bam be fe Bm fae fa fom mb fee bee em bm be bm bm ber bm 
CSoomooonmoecoocooococoocoocececocoeocoocoococooocecocoecoe 
sadd td toda doa told tol le ated Hat dod I etd ot dd dt ed ed ed 
-Y-y-W-4-W-8-4-4.4-4-8-4-0.W-W-W-6-W--4-4-. 4-0. --W--8--0- 6-6-8666. 0- 6-6-6. 6- 0-8-6. 6.0-e 


% + * 


* 


TAT, XLHT, 


ABS(UPT(T)) 
ABS(VPT(I)D) 


HENAN. DH tes LL ts LL me eee 
ammo oot TCS 
~SOAANNG OHA 
wrrome $o Sb mes PUN) 7 
aadqaaoeOOC 
Om mOt Het HOMUUMY 
eT OR et LL Jot mr te ob db Oe th He LL a 
me FAT OT TM wWeew Ws 
eTOMOACHROAAaIHEWST THIET 
AO © Awww Oe Oe Zi be 
Sf PA BRAZNZNZNNNYSZZZMOWMN 
peat gn cabs pes Ship hechacraltn PvE 
2X IMMUN QMO OMMNNN I OW 
Owooer 
VO>etarn et eon wd ee te 
uw em oe 
SLI ZZ et re LL US tt bt om re em om om om meme 
DOr S>Ow BO wiX SCN VO LOEETINNSVuMAuManre 
2d 2d Ze pPOrD TLAT NAA waa, eee ae wee oD 
wow Z www Zeww ZZ ZOO TOOL ZNZNQV0 Sin nnnMmHean 
Ue Oth OU LOOSCW2S OLN weet mt Oe 0 wow rw we er wre FS 
* * Oe SOS VOM Sess te ee 
on 


TENTS OF ROTATION MATRIX 


GO TN 502 


es 
_— 
—_ 
J 
a 
4 
— 
n 
[-] 
< 

K 

x< 
<q 
= 
[an 
teed 
x< 

c - 4 
= 
a 

e 

— 
oo 
~~ 6 
Ca 
oom 
om 


U3 me 
oh 


a -a-5 
ADWMSWM Swwow 
wines See Daw SS “| 
QBnZOonZoNZZ2rn2z 


MAGS/DMAX 


ROUTINE ROTAT 
ROUTINE XYSCAL 


* * 
BUVUUVUVOH 


felolelelolelelalelelelelelelelelelolelelolelelalalololelolelololelal“lelololalololololololeloleo) 
NOPE BAO HUM SN OM DP OH euM FH OF DROS AUM SIN QM OKO NAS OP DAC 
PEPE PoP PPh DDD DOD DODOARPAAARAAAHAROS OG OOOO OC eat ed coed oad ened ond od et od mat OS 
PA HAHAH AMAA AM MAM MAMOAMMAMA MAMAMMAS LOS SFE eese Set eererery 
fom fom fom fam bam fess bee fw fam Hee fm bow fame fw fae fom form fa fe few fam fm hee one prs aw fs foun fae fw b> fw fume Jew fee face fame fame few nw fr fr fe joan be four haw fea 
ha rrr bart hrf er r cxur ua Prapa er ur rby eerTP r 
dad ed ced ccd ed cred ccd ced eed ed ceed ced cn cod cd eed weed ced od cd eae ed ed wed eed) ed ed eed coed ee) ed ceed eed ceed ed eed od eed ced weed wd ced os) eed ened 

20464444044604464.446.4.44496.064680.4466.44.04044040408 Pw -@-w-W-4- 4-4-0 


* * 
e 


NOTAT, XLHT 


* 
YZ 
sYORGN » 


* 


MODEL GEOMETRY. 


tee bem few bem 
ocooe 
LLL 
>< >< Se Ser 


wii 
x2xKzZ 


fm <{ or 
a a ae 


tu 
wd 
ad 
" 
a 
~ 
io 4 
<< 
" 
uJ 
ad 
A ¢ 
1S ] 
“a 
5 
Ce 
Ww 


ALE FACTOR FOR 
XVZMAX(CL) 
XV ZMAX(2) 


AX/PLOTSZ 


mK N De Niet © fe poke pe 
ZaANNSe we ew em oy COCKO 
CO ee e2ZaZaeZeenrZ etre 
e+ OwWOYP ODN ¢ 09 tent AOU Ainwes © CK 
O>eSKUGA CLO ew t Awe om eR eet aw Ube @ oe elu) 
~~ eS eQSOW lax J 47M tN Dem ee |e. il it tt 
peep eb een Mi send zocoo2ue~ 
a peep ig eng ees Hm ZK SK LOK KS S 


Ts) i] So [>] 
N “a m= 


SCoOCCoKMoocoococoococococeecooooooeoocoecocooecooecon 


NANANNNANNMGMMMAMMMMMM SSSFIESE TEL STTMONNMNMNONNINDDODDOD0O 
a RE eR Re eG 


be bm be fm bm fem bm fm be free bem fre bm em be fee bb fee bb bb bm fem bm pe tb ete be be bebe be bb be bo bb 
ocoooooooooooeoeocoocooeoocooomoocoeocococoocoecocooocecocoo 
eed ccd cee) ceed weed ed ed we) ceed cod weed ed eed weed coed ced aad wd ceed eset ead cd weed eed ed eed ccd cd eed cd ed cd wee ceed ced sed cd eed ed ceed eed ead ed eed eed ee) ed ed 
Q820044040600004000064464060060440060000600600800660006440606000040 
+ ee o 
= 
x 
a 
: * * x 
1 Ld 
em 
Ie 
* & wS 
oOo 
; 2 
eo en, le ee 
‘ % + ND ANN 
~-e % Ht 
z=2 ett 
> ta) ~m om 
* rt NS -—— 
zo mama 7%) 
4 ee et Soe 3° 
Ne ANNA < 
% * MN tio 3 
=n” nen om 
P od ad NQlent ont 
"nS we Ow ee =} 
* + wa NAIR =z 
«oh. wo ee C4 
a & oe o 
<u ~”~ NNO ” 
* * Fj w Cael mw 
weet Ht < 
MOD CoO © mem a 
myn 2 ee Co 
- + * mm w AAAS nn 
us =m © UW fe ~~ ee mmo 2 
a Ce Oo & >>> many (es) 
oO ° a4 OC & ore wwe [4 
° zt Wh *# as 2 orm <n 
° o = wu - UW Netw tt cs 
al ~~ oO ae? = FD woe AMA Oo 
~ - sored qe © >>> UW ° 
- -> +€¢ A et me NY ww ee f<dq aA fon) 
ne) o QBN ww ++ ++4 o— - 
~] x< =) aan Nn ee Om NNN me co 
<q bad Ww MeWe 2 WO ##Ht NAN io4 iw} 
=) a * 4 * elm WwW OW tHe were _ b= 
4) 2 oO =ZeroOc oO 2 ene bP ad at z ~ 
a w a CuUseN SZ WO ewe tH ww co 
~ =z a Wow = Ske MMA AIAN W Om 
x w tt XX + OFO> www we WOU 
x< {=} Ww Mede W @-C xxx P< - @ <4 thi =O 
' ise) x mom LT Oh 1) tame eb T AQG= 
Ww pa ee ~IH0O & ° POI ome = ze -~ 
Z2zm™ a # 20 *# wa on Gm Nett > + + ttt woc 
temed Oot sd i we oJ CL wwe WOW ree OM Dewees ul 2uo ~ 
=zIENS -a. rex oe KM K S$ HOM OK = ee Ox 
eea e ve) < Zam few ewww at te < moma 0+ 
x<>wS z= et Se & OQWOZ Bb LZ wewrwwwwt tH a O80) I™DetwQ 
| wee Wo OU>esYO FD ww Were SR RUOUOW 5S eee maw 0b GO 
Hu — 2 ewe 0 WODAAeraNOdMdatas © COCO WeOx 
ou zs Wo Zein 2 O22Z2G00 Zz a SOu2 
22¢e © &* OW & ONAN £ CWeMMNW I IH Om oN Tos ou 
<x<>yOOD a& a fedw Oo Z2Z2e rs =) ae tl 
dad 6 OL OO XL od ZOVWT ww Z lt il May} —f1 QO va “shu 
WWwWOoOOwsD> od cM OC &UO Sac GS Q200fCLuUZzo 
Q0X>aumH £# LW &# OMA me aOUtTEKENOO KN Onl xX 
tN 
+ % * i=) oOo # 
+ * =~ N 
* 8 * * 
CQVUOQVOVU WOU QWuouw 


ee er 


H 
F 
4 
" 


jmlolalolelolololelelelelelelelololelolelelololololalolololololololololololeleolololelolelolele) 

DOMBAO SA OMOR ONO LL OPM OAC MAM PIN OM OR OmIAIM FINO OAC SAI th a 
OP Pe Pee fe Pe fe Po MODDO ODL DODOARATGAPAORD GOCO 0000 OO a etet at tet 
ral al Br 2 alll Salil ata ec a Bld lll ae al ht ch obec 
ee nd nd ad aed ned ed ml ded ad ad weed nd andl and od antl onl anad send and and and and aul andl sul nad aed vad smn odomtd sand andl and sind nad) ond Yo aul ened andi os) 
estat statatatatatetatetetoctel ooococoococococoocoececoococoecoce 
geecdesesassasesesrer 


ted ad 
@200440666.4406400548 a20.006. Aaaadcaneacaagaaanriaaod 
+ & 
= * * 
wD 
- 
< 
= * + 
” 
(=) 
ome + + 
(=) 
[- 4 
id 
2 % + 
sal WwW 
z (Ss) 
\u 
= Ww nm + # 
ud 4 a 
= <a < 
Wu = Ud 
x= + % 
(=) a > 
ti tad 
rs) oO 
> (=) qt * + 
(=) us Ww 
Ww oO oe af e 
(a4 > =< ~N 
jn (=) = + » % = 
z uJ uJ Oo . N 
thd = [- 4 = NN + 
= Land . < 
Ww (=) N = 
a uw 2 ~ Cc o~ 
Ww fae] q ry ad > 
© fo) \ ! 
Ww oO fos) a os) <x + = t+ WO 
= N Lod < + had ~ ~o 
- OQ 2 =~ « To) 
fay} x -_ o > ~” ow 
ira peo - oO mae ~- € et N 
tan] 2 oe Wow ~- a) ~ 
oOo uw i-4 ocera << = tr ya) 
Ww ro) Cc f=) Ox ~ ~ Cc ~ ° 
N tol =z et & + OS ont 
~ mOOO Us Le mOOU Q uw oo > 
Nn Aoddd ig a accaeo fo A < t a an 
<= yersy me 9909 2 oxen fod Nem ASW am 
L omhad Ww WOOaS fqtq VY WOwwes <t 2£O € MOQCQOX 
—w = wit # Ww SESE KY Sweets a Od ww ON New 
Pada] aaa we © ome me CAO w ° oma wa. wD ome 
4+ 222 ome etme bet Leese LZ aterm uu ce me FENN 
WU Adee fhe bab OE Rama trastnndl a YOU Gf eww zt <> # £OxX>C4. 
Souwss Nw OG mex D COC OC mew <> nw -_ i] Qwiia 
FNUDDAVICOUSD SF () 3S 0 ees 0 load i SP) Cododag 
220002 4 canna wv eaunn2zz2z D <a Z2xX>uU 
i) meee eee UL OO ~w Ct Oth le l= 4 + ow tt US waren 
He We SL Nowe CL) Lh PZae50earpD> « Ow -! 
[S) 4 4S SSP 4 ar mt et Ot OOovU = wot mene 2 = OO a Zrii itd 
Ococooe0es €¢ Cie~wwrO OC Cee FT ChwwwOwWZD Od UU < 
FPNWOKRENILD FOR N KEN YM Ome KNW HF RO HF A OMU 
oun So # Oo # * ce % % 
oo oO oOo * + ° % % 
=n — & Nn * Xd + Hey & 
Wu YOU WOU QWQUQVOOO 


117 


re ee eo ee a ee 


COC FCO O COO COO 0 DOOCCOSODCOCOCOCOCCOCCOSCOOOCCOCOO 
AS PO MAM FHOMOT OSIM Sat OFODOMAUM SIN OF CHO MNMEMN OR OC OmtcuMmes 
Dont ICON AI AICO AICO CIALEA CO MEN ES MDM HF PF PAST Ss TINNINNNINNINININ O00 OS 
PeMONP NY teat Vath toa ated alt alatotial al ale ated at alratralattal al atral al aval alataratal alvalalalvalvat aval tal’ a) 
thm fas fre emt fm fe am df dm fem Jw sont > ae one et fe pl frm fm fame fam fe > be ee Pa fm fw fa fa fe fe fe fa am fe bem ene ue b— fume frm 
eCCoceCcoccrocorcoocctocoecocecoooceqcooococoocooceccoc 
AS40 JIO JO IO BIO UO I I od I I I ot IO 
aqaaaadaaadaaqadaadagcaagdaadananaaaaaaaoaaaanaaaaaaaaaaga 


+ + 


MYZ »NOTAT,XLHT, 


Ny» YVORGN, 


Y 
T 
YMAX, ZZMAX se XXMEINe VYMIN, ZZMINe NDMAX, NDMIN, 


AX(3)eXY¥ ZMIN(3) 


~oO 


Ld eVPTC LI» ZPTCL) ,UPTCL) sVPTC(L) sWPTCL) 


EST, NUDISP yNVDISP,NWOI SP 


owwW OFF>> © O to) 
orzzr otto o Oren 
m0 > FP Owwe OO aa rons 
Natt & Natt Net NeOQOn 
= MO e® NO e oo mm e Cet oe 
NO 1 #40 1 FDOWNOOOVOWWO 
ROOK ROO hte ee dee Cr > 
e @d€&de déde e Wie ®2> e 
\ NOWwtOWWONMNVNeETOOMI +4 
MOLT KOLO KK 9 de > KE Cue 
we Kee eee 
mam He pe dh oe oem NO OU 
SHON SNOW ASM oI 1 + WI ob 
) og etd ee ee 
: ah + + > rear har ar a ar 
Png Nd dt INNIS SSS 
>) ee ‘re Pag St Sot votae 
oe 
wz wo a2 "ou s2uF Ho oA Zi tt whe DD 
aw dw ee a Jj2I2-00 


| 


PLT(X2s¥233) 


Sv eb eho tee r> 


) 
) 
A 
A 
ROUTINE NOLET (NUMPT,XPT,YPT,ZPT,UPT»VPT. WPT) 
* 


dee 3k = 0 ee CK Ot IK SOUR 
i=] 


*& 
*%&* FOR ANNOTATING GRID POINT NUMBERS ON PLOTS. 
P 
¢ 
A 
OD 
? 


**e* CALLED BY PSAPIL 
N. 
E 
f 
Xx 
N 
N 
N 
N 
S 
K 
K 
T 
T 
T 


+ 
VUNOVOOKVY 


i=) 
o 
joo] 
iw 


100 


118 


. ~ os ttn - 


COOCCOCCOCCCOCCOSOOCOCOS COO 
WOR OPROMANM FINDER DP Om atl OM 
OODOOR EEE RELL LE DDDDODDOO 
Matar al alal at al’ al al al'ay a) al al al al al al aoa stat al 
ba be pee et te be bm be be le ab ete i 
ecoococococoooooc“sececcoc 
cd cad wed el ed od ed od eh ed I SO. ed ed od 
aaganaadaaaaaaaaaaanaacaaa 


°o 
© 
wy 
fe] 
j- 
ie] 
to) 
Cad 
x< 
< 
r 
oa 
2 
e Ne 
lend + # 
tS =m 
(Tololelolal[o) mc 
—OOoo00o oe 
ALIA LN AN her) 
— -_—) 
-OOooocoe ww 
Co. bw fee fave fm fom fe ad 
ot ++ 
O®DOOCOCCOWWU >» >» 
wee 20908090909 ad od ad 
gi q{quwe 


bh © once meni) © & 
met NN MAG O Ome > 
COD wer ge wer ee ee M,N, 
Dom ZK EK moon eee 
SC rt tp ere el LOO 
mOZTETTTUUUS + © © 
O° >>> re we TITTHe se AN 
PVLL) bee a HC et oe CY I) ee ome ee 
Zoid 0 8 6 8 oe OX PN TT 
Ze tpl bp + ee ~ux>ew 
meee (9 09 nd (9 J ema on tt 5 EO Lew S 
oxteews © 0 0 6 8 Omron) be SUL pe 
(0 areas emer een om om amy eepnes tas ene tay foe fee SO. Ze 
tnd f= foe emetnet tas ps tates hm few bw ae EGO + > EL 
C0. wow wr A. 0. 0, CO ad ASE S 
OF Dil bm tem XK ee Ht I x eK PTZ 
O2%3ea406004erw tot OL 
BLSSRKH NN mewn atte S 
ere eres ee |) i} i) COC wadzZreO 
On le LLU UL UL LE tk LX adad dad FO LS 
CO) cette pagent tees 08 tet mt Sa me PK Se OK OK TS LO LW 


o 
oS 
ws 


be Vi eXLHTe Als) 00-1) 


OCCCTCECTSCOCECICTCOCCACOONCCOCOCCOCCCOCCCCOCC eT CCE CSC COOCGCAD 
KNM POOR STOSINM SK OF TCOORNMTNOE COOK NOFA COHE NO CHetimru.0oea 
SOOO CCCO O Het et at tI MIMI NIQINNNNAN QAM MM AMM ACM OA par terse rrr 
emoococoeccoce cocoocoo;oeccooocoooer socececocccoecocesc 
fm am fm pm bem mm be fee bm Bm fe bem fmm pm am be hm bm ee bm bm be mt em bm bm me be be ee em pe be ee ee 
CE eee eh ee Nee Nk el cee Named ool el eel oe ent oon Named neil nol eed ee seed ee ae eh ee ceed a he ee oe oe ee oh eh ae oe el ee 
PA22PSPSFS2PSVA~BZSVSAPSA7AS2ZTVPVA2AZV2AZ2ALVV7Z2SAATAZAZVIAVAVFZ2ZVZZZ 


fame Fed Gene fens Peed PE Grey Part SE Geet end fe fomed Hema Heed oad PK Prams Qeneg FS pemy Pmt peed PO“ feed Hemet peg GG FE Ped MS Feet fomed prey Smt Hornd Qeamg Goemd Pad Gomes Qe PG Sem, Deed fers Pd md PG 


ca * 
= 
pa od 
= = 
# * < —~ 
- = 
la ton) - 
ace 2 Zz 
* % eZ - = 
Mo KK oO 
2x << a 
CO st Q 
* * N> O 
~e 2 “ 
=2 - ub 2 
+ * a a 
wc ft uo D 
x N a a Oo 
Ne §& [Fal — Oo 
* * x<—™ - — e*- 
zn Zz a aw > 
> =z AN WY 
nC = Pa et ee 
+ + x~a > ~ an 2 
a > a za tm 
(Va) Y~ & o [7] Pe 
(4 <u > — ul > 
* ee aa =a [=] au WwW 
-_ ~a ¥ > At > 
w Wo *« z —~O 
= wn x - an 
+ a ed om Co a >> 74 
[~4 me X Ww WY zeaz ia) 
bo 4 Cx tN me eH OC ~ La 
a aun FS = 4 aco - Q 
Bid * arn nN D ee ee S. — 
a wu Nn Qa 2 =o & oO a 
tom] oo” o hed ~ aw 3 ir} us 
[=a GMe «KM UW & >e wW 
+ Led + fem FUN aor ied fp 4 
z qn = det ww 2 o Q 
{em CAQ@ }- ato my) uw de 
=) ay eur NOD Mu 
+ eH eae FP wee ZOIMU SY a a) 
oe Prec x e502 eee Ww le: Ww 
ay OWS < KNWMAKIZ e 5 — p) 
w WWrest COQOwmtSZMN ww owl a) 
a + e+ TORO BeOoere>ro = a a ¢ << 
<x ” mv etx ATA ZeN > > > 
- ULtend — oo Sa” za 
_ 70 2snran ~SAN0> & - = 
= * wi + “~UA MAN~NNWMOHMSZ OC = —_ 
ror Tun Ie oO eae FO RH OL a a > Oo > 
>a meee SOW BePDwadtd 2 a © .- § 
Ww q2eeF de >DIsMNSr OC wm oN Ce COC CO Uw 
z= * a> + QOOQWOwOrCwadnd = Ww — 8 uy ot 
— =a VOFYAIZOMLNSOrO rf Sc 1icoc vi Neth & 
land wR Y em eWNNNNAAY 4 HUH ARA wun u 
> KO Zz eW2xzeaz7r2zz2z_é_— m—- FMPAGBGAHHUNNnO Whiw & 
oO * Us ud % OONYWOaACOCOOO4T W NANMSAWOWeEOWMN Wo ny 
[4 S” aad Ste atSTSTTFTLZEZwWwO wo YN Ween Ones IVOINSE YW ow 
[oa] a DPTOVZTIZLSIAATZwW MV SOOM, aectw wae Cc 
> od Scormmowooocooeso w O 22> 300Fr>a“24MNG 9D FT 
Ww mo * Vest Sele eS a we SAE S2~eCKL2=64>0— - 
nt =~ ~ 
+ % + * * 
eH Bd * % 
* + * + * + 
YYOVUOUVVOOUO VOOVOU YOU 


120 


NENT ar hire 


fea ember fae ts 


pe eg ee 


a are 


N ODSOCT COMCOODCCOOCCTOOSVCCCSOCHCOCOCCCOCOCCOCOOCCOCSCoCOCoCeoNecoa 
4 POSNMSO OM DA CHIMING OPO MNO SIN OM ODO msm FINO OF Omtermsine 
SPUNLAL LO AW LALA a OCD OO GODS COREE Ee eRe KH ODDCCODDODOOSOROAD 
| ¥ SCOCCTCOOCCCOTOCSCCOCCOCCTCOOCOCoOCCoooeooCooooocooooocoooecoa 
i Fa ame tem fre em ee em ee ee em tee am ee re me mm em be bm em em bm fe frm bm fm fm bm bm be bm fee bem be bem bm bm fm bm pe bee be pee ee 
H pag PE foamed fet fend Deed fod pens pared Deed Ded pared PE tmnt feed bey Samed eet ame fod DY Damm and PONE Hatnd Poet Premed Peet homed fed POE GON Ped feng fOTY feet Geant Had fed Peel emt Ged Ded Quem Qos fend faewt Get 
2222722222272 2722222 22222222 2222S 22222222 2222222222 ° 


m0 Pt pms Gem pues PE Gag Demet oe Pt Qoumg Gad Oneal fenced Pond bed fend Grmeng Gurnee PENNE oamd Goad SUE faamy fmt femnas pean feomd Guard framed Due Geet Qemnd SNE fom mnt Od feed femme Oommet Pema feud Quand Gomnet bet Gad Geet 


¢ 
‘ 
4 
i, 
t 


+ * 
* + 
+ * 
uu 
" 
* > * 
(4 
jen) 
nt c 
~ > 
- (a) 
a# © % 
= [oa] 
- ue 
a# C r 3 
> 
- 7) 
- - 5 
(on | * : 
= = fl 
o feat i 
- a) : 
a € + A 
~ ad i 
o C4 $ 
Lad 2 b 
a + 8 % Us 
~ r] 
ad ” ¢ 
ko 2 F 
a + w % 
< = ie 
a4 Ld t casal 3 
“ fos) a * q 
Cc = = i 
; oO = > \ 
a rT 2 = a 
Q a | + ‘G 
o z a xn } 
oOooan a Ly ~ ? bot | 
QOONANIAN oO - > ep) =a. { 
fo) fo) SNNWWUID oO Z~- A= = Oo # Jat + 
. ce .o WWWOOOD a COemnO mM fee] wan 
o ocos¢ + oO COome«e QH W ee Nt ee za 
° ~“m 0 emt tt 7POOO 0 o ema TKO fron a0 & w wD 
Nooo Of 0 6CNeR aati I ao aarnca oO zt £2> + ry 
° °* it ©) wu HnoO enewe & bone am cD i 
HOnOon wu wud wiht Owe od wd : 
w ou =~ Zi Nwreww ZZ D = <a O i 
Kut heen ZZade AOWKK>xKxMKZZSKM Ace wide w« O * WOW + f 
= LEON STAIENAIUT ET ddim FS TWOK SERS An ef 
Weten BOOS LO Ce SSt e ee ESLE SESS SO oe es Oa : 
> CTONWNAICOMES SOOT NNM XEN XK SENOCWWOWKOCXWetwWZD o2a J 
YAR O 20 KHOA ZK MOMMY SL KOPN KSENZSZSS YA EULBZECOMCWNH % hee 
° o + t 
= o + + : 
4 o + £+ © 
WUOWOUNQLOOU 


— 


121 


(aol aialel sleololelelelelelelelelel wi gi elelalel ol sielelolaleleleleleolalelelalelelolalalalolawols 
LODO HoUMG POOP ODO HNO OM OAC HUMID OF OF O MAIM SIN OM OF Om mat 
BAROOO SOO OOO 654 ered oe a cas a eget wat ad CURE OO IN NO IN 9 HED AE RET ONT AP Pre 
DOO ed carck rt red ct and gees ed ng ead cat ped cred cad end rad pend geet eed peed gad eed pean PS gee gad eet gong Om mad comed Cod med poacd On gamed Gd pod gard Samed penny geet had ed pl 
mm bem rm bem fm fm fm frm fre bm fe free bm be Bm frm fe bam fm ree fhm mm fw pre frm fem fame rm frm bm bm frm bem fom fre frm fom fem fem Fe be pe free fom fem > 
‘tas (mst Cred fend feat Deed tad feet proms Omak foend fone pared Dead Gat frag (OG fet Ommt font OO? Deed Dam geome fed and fod fea Pome Oud fet Pruat Pee fant Goma Deed fumad famed fest fee Pet Gao fae Geant Gad PS Deed Pemee 
2222227 2Z2Z2A7~B2AZVFA2ZVAVZ2A7L2222A2ZV2AZA2ZZZZ22ZZ22ZZ2ZZzZZZZ 


pram Prommd Seemed feerae tae GED Geen Gad ma) Gemsh Gees may amt Oem wed Gmeny PEE Geese) Peet free Bed femal Bend pases Pad (penal famed been} Pott Od Bee Geet Berd Qed Qed feet femea) Dm! teed Gormd Peed toms foe feet fod Pad emt fond 


e 
~~ 
Po, o 
J za 
> 4 ont 
. = ~ 
ad a ~ 
qe ZZ oe 
—_ = baad 
OO x Qa 
za <= =z 
ASA = oO 
Ne CO ~ fo) 
me Z _ Cad = 
=2 Ca i ~ 
-~Oo 2 Ld © tone 
Vick mm a _ ~~ 
“wo. UF > as) z 
ox ae =O fan) — 
Ne oN Yam On wo = 
<n - —om z NN 
>= z= ze ba 4 Q2O00ag0 x 
“eo = =a, Co <x 2Zz2222 ~ 
va > e> “AO = or a tae ay Set ae —~ 
a > ae "wo ea be bb oe} 
-e 6 Yew — z aaeaaad C4 
Kw > md et — . <>< > > AI 
} or) aw —_ >< - " 
ets > tom ef oO tyes ceo 
YO x za w= e coo 0 
wn x = Ow LS eed 7~ me em em COE et 
mm 2 MO © Ow (=) MIAN ACE wo 
mee x wen QZ 2 we ree ooo ™ 
Oe ff Zam Ze ~ <x2K2xKS coal al el od 
at FF —Ow = to LE tat CL tat LY ve bed 
azn 25— Cw) a fol olelol a] a} i> i> > 2 > y Ooo 
Mu nu N2ZA. ae = NAICININICINARINIAIAL 900 = 
oo” ~~ } o> Ld od a > > De Se (a) 
qe xX Kee rw 2 SFQ0SCOC «eK KK KC -—_ ee 
a. 4 Naw A= Qe OQ be he be bm be be ote = 
QqY FT mes 25> moe fo) ne me eee 
oom >} MONS om [=] GOQOOCC-<--=—— bhdei bbe Lbs Oo > 
Sel wre Ce Oe CO SCOOgogastean\nmem 2227-éx 
<_Ooe x70 Ze <4 - re er er ee © © oom « 
zeHORK a ow wo _ emma KTM TKS NN Swe 
Cwrae BTWe oo Ze c= CO KSKZK Zed mie } Rata tes MES) 
wo est NOMS AN 2 oa CO eaten STE SCLL SSL echum 
OreOox -OmMO Wl wa 2 SETIEZLIENNNNNN > > Lame 
Mex KZ eN CO oz me ae KS ENA > ee > AUN Ne OR 
-— dd ee QO ad O-~ QO KC Se BIE Oe XS Oe OK OO WY De eI 
~TOn~N N Qt wt OWO eS Qe eeovneseeseevsve © 0 Oude 
AA MNZSEX ZO +1 mZzZz Te =a foe frm few bem fm free me bm fm fe bee eco~w2™x 1 
LOO, re rt om pee DO MUL cmt UL aD ID OD OD wd OD wd 09 od MAST 
he Nw SISO Oem eG ZFemmececenvestesnenese eaReaAIODTN 
26H JN DS a] Zw) ewer PO™ Oy ED ee OR OD CR ED ON A wt ee Oct 
OW rHrOFSF awe COW ttle rit OOOOOOOOHOG060 Hem Seem 
OQ MK COO wt Ol Cer iL It TOSS SS Se Se Sess usu © 0 0 ll ote 


Rw ON ON ree re ST et QUI, TB LUI ewe rr re wr eee SIM CICICY ewes 
S owl x ZZ ww ZKZOZaE ZOLZF OZ eee eee er eee SF ZOOM Ke 
ON JSOAOOZZ eee ZewSO ODM—KOO A2AGAO4NGO40 046 mOmO « e emma 
Zt ELT LWWNE Freee GS tt SSH UZ It WK Ke IAI OS IA be fem bee OF) er et et Oe SE 
> ent) ae > a > eb Sb at www Dw ee er www wr we FO ere Mle MIN 
OLMNQWOO—=O>>-OWOWEOCOULOCLOUULULULUULILEL LULL OOOCUL Lr UL > > 
WQS O QEQQOOO MCD QL a SZ st) pat FE tes mee te pat at tot at ee ts et fmt Bet ¢_) 5) DS) tee tomes pot Da eee OK OK, 


om Al at 

w © ° So 
[o) -_ N 
v= 


1000 


COMoMoCOCOCOCCCOCOCOEC COMO Ce CC CCOCOeCCSOOCOOCOCCCOCCCOS 
DOM OOS AN FL OP CHOMAUM SINOM OS CMM SINCE OR ORANG SHOP OD Gai 
PPS ETM NONMMNODODU COD OCSEEERLEEL REPL ODDDODOMOOOOGCOO 
ek got ad epee CN gud ered ceed end pom red poced ged Gad gee ceed med ened ee ged peed ed pee) EN ome geet Od el goed Wd ged cmd ted ged sd geal peat Co ge a eed na OL pee) pd nerd pg 
fom em bm bam fm fame frm am pee fom fa frm tae fe em fam hem ae Bm fam am fe fam tm fm fe fe bm fem bam fm foe ae be fe i fem frm bm fm fee Fa fem ba hm bm be 
amt font Dead Qemey Gord fret PE Pa Pred feted Gow teed frond read feat Geom Pad frome Greed frank Prd Ford farset heed PW Gaooy Pend Dames fom fasted fem) Beomd poem fama) Quy Geom’ Baar (LED Genet Goreng DuE} ced Get Bend mony fed Ooms feed 
S22 222222 22222 22222222222 222222222222 22222222222 


Omg Pret feed Cay Hout Ond Penes Gams Dang Pomd Gwe Ges Gomnd (Ned Hered Ged Hed Hed toned Has Doel Paws Ged Feed Pes Quay Poms pune fous Peet Gem frees Sean feed God Cad PeG HOS Gees Gund HTS Ges OMY Gees Cand GES Ge OnE 


* * 
* + 
~ 
* tt = 
a 
z 
e 
% * - - 
os - 
~ a 
ad z 
+ * i . 
> ed 
~ Qe a 
- Na > 
a * % tet o 
= Oo~ = 
Lad Zz a 
~ za 2 
a + e> rs 
> ae ad 
* Don o 
~ e Dood ood 
Qa xv © + aOw~ ° 
= [-"4 >e oad 
- Ww za a 
be ~N oN! ~ 
Q * ae Co 
~™ ¢ Nan ~~ 
- ke mt oma a 
Lad o~ < 
a + WY + =e rs 
» ~ 2a od 
- Pa o> a 
= us —_— = = 
a + F et Ned [o) [o) > 
>< w Ww Oo io) 2 
- (Ss) Qen Ca) ~ - 
ad <z ze = 
a fF t 2a0 a cS 2 
> a ox< = - So 
po} ” we = 
= ~ oO jw) ja ~ 
~ tf 3 + Omoa oo oa - 
(=) aw MY (7) ” = 
e ae ad ot oe] ~~ es fom 
[4 aa acd aga aa bow 
uw + dey = e> ° za 
~ ” wDIOZO AZO a2zo -§ 
na 22zw ee Ul ee i we 
Ww Ww > em em em Ww 
ze# NS # O21 a at z 
Ww Lad cD COV me Wome LULU HL nd 
= bee —_ Se Ot SS 5;sS=— SS - 
227 aqQ ZN 0049220022 200a2{222 3 
moe OH melt HH OAS re et SN ee et Zig weer | OO 
ae ad SWS ates pobe SNe Sew D OC 
Z2eoa ome SSw FrSl2ue eZ2e HY ZSZeOO 
Cw25 2 COmwoacowoaqodu.cacowZzd 
Qaewy %# = eH YOmODOVUM—G POL HMOSOOKAWM 
° + eof eo oo 
j=] ** wo WMo Wo 
ba] + tH mn Ne ab 


VOOQQ VOU 


* 


~ 
~N 

e* ~™ % 
i} 

* Zz + 
Co 
= 
= 

* C t 
(=) 
4 

*e¢ 2 * 
q 
a] 
ee} 

* + 
z 
—_— 

# 2 + 
oO 
tome 
~ 

+ % 
= 
x 
em] 

* Ww * 
> 
fat 

ev uw + 
Cc. 
ld 

*# D> * 
a 
b= ot 
pol-@ 

* Car # 
” 
oa 
w 

+ —> + 
ao 
Sone 
4=) 

+ aw 
ad 
i. 
oat 

* ww 
et 
 % 

+ 2H 

VUIUOVUOUW 


VPTC1) WPT(1) 


Qe 


C *** FOR OUTPUT OF GEOMETRY INFIRMATION 


C 
Cc 


ee 


COCTOMSCOCOSCOCCCOCCCOCCTOOCOOCCOoOCCCocoocoocoocscoecocoeoocos 
CASINO SRO FAOM DAO MANO SIN OF DRO SQM FIDO PM WA Det Quem SF tN Ol OF Ot 
SARARSGS SC QOCOS6 COG 0 CO ot ti i mt tt PION ON NNN ANNAN M AMMAMMMMAO 
ot coat oma oat oort ot md CUO ON OINIROIIN AINA AICLOAIN NANA NNOINNNAINININIAIAINININNIO 
am bm frm Bam fom fm fam frm fame fe fem fram fre Bm fm fe fee frm bm foe bm fem bam fm bm fee fm free bm fm rm fam fem Bae bm ae fmm fe fee bem frm fe Dt be bm ee 
Pnond fant Seog Sod Gg SNE Put ume Quad Hamad Gems Gard Peng PE teey Pmt Ore Hees Sand Hemet Soul Geond Gums Grand Paes Geng Gems Pend Gad Gens Gee GE! toed Ges feet deat Saeed gene HY feet Some amet Jered PNY Ge Howe fem $Y) 
222222222222 2222222222222 222222 22222222 222222222 


(Om Gnd Dated SHG Geos GUN feast Od peed Goad Sand aves Peed OED ey GY Peel freed Good aed PEN Quod Peat peed Poe tranny Sad Rem! God poems femed Gomt Samed Get God Pod Geet spond DH famey fod pene Peat Herd food Pew faNS LL, 


Cad 
v2) ~ 
Law ~ 
2 free 
Lued o 
Oo N 
Qa 
(=n) ~ OO 
aoe a o 
a“ 7) =~ 
a Land 
za ~ 
Q om N 
Ww Q ie) =_ 
re) a —_ 
~ 2 oO 
~ uu fan) 
~ p=) =~ » ~ 
° ao [a4 ~ » ~ 
~_ ws o ond —_ ~ ~ 
e 72) e fon) ar J ~ 
o ioe Co za — Co 
~ < -— aw x «© w us . 
~ trom w Se) = Qa a 
~ ~~— wo = N onl o oO uw 
= ™ eo -_— o — om z oe 
- « eo a ast 2 n a ~ boo 
_ F&F we MN =z = NN “a 2 ° eo 
2a. - =) wn ew ~ ~~) 
oO a -_ - i] a ~ - 2 x Qa 
—-— 2 x z ” ee . 
—- ee SS ww =< - — a ot uw 
< ~ he O ~ w tt [oa] 
=z gre a -_ [> + Qa” ber 2 
fw tee wom = w = Oe o < o 
CO WYe«< ot C4 Ww ze -~ = ad - 
“uw Deve we b pa ~~ (7) ” < = 
Zeme wis [a4 oe o a QO ” = o 
o— eo wet © o orn wa WA WwW -— - Ww 
KOM fe th > oe Wy Ae O _ Zz ~-~= =~ => (Eo) 
mm Fw am Pd te Pf = oo a 2 WwW — tet ~~ 
Zz Ae xe out oh © > 2N 2 ls =z ~~ we wD td 
— © me 4 e Ze ZOowe ww = ud - - we Ww 
CO adr =m - oOwan or © - Ut uo a A he 4 
Q WOW we z hy EU QO AD wa (S) 4 > > om bad 
We DO ww Ww wowed zOwe wi < = ~ = 
QO 2eX wer =z Zw Wettr = i-5 " Wh = 
m WD fe uJ JW Zz >= 5 Qa " a ~ 
fe DNS Fe = Se Ze CZze 2 2) tent 27> > 3F ive) 
Oo Gee Dx w CF ve xt mi ox - om CO w > a 
eo We etuZn ° Ux » Ch wt tt a - QO = mm we? ~ 
2 Nex O eo = mor am at rer OO OF Me b= 
<x W20O"0o <x DW Neo wu x 2 ® ° oom wd 
i wt oF al wf Ogee © tmOr O CeN 2 ww WwW Ww ve) 
am ome Oe Zaem am & C5ca te a QC emu at Oem ew F Zana 
ON Ch eM e SN CO eZ zoo e« 6 eo e ° ew Ws 
amet ete KC LULL WW oO S NN Oo a Ot Zz 
o™ SMO M I euW eN Om EO st WwW ee oe en G& oe oe wWN ew _ 
Cw Dew Fe Oe Dew ewes LUE SaOOQOwGAOSSD — Ow S OOMOM OD ad 
weer xD whl Zw meat AQ Zee sew ww FD ww 006 9O OwZZ2 DF 
WWE OZOWE mem Z ZOmmeiitowom GC welwnMonrer>oztweg OO 
eS Fee Oe TrekeENeE Tee we OSE See eRe wEERN SF 2 ZkekeD & 
mM ee meta Ne ee SHS Leo oe ZK we ee i we if ee i oem Ze OO 
SCCHLOxXKOLCOOCCONLOxXXOW OC Wuroocoeo oO «coe We Wb weOwWe> 
Eee ee ies DIT Smo BLOBOO SUL SOD Sew ee BORN 
ont cont mn e 
orf ao a @ w oO CO * oe on 
| ~~ t ° Oa) aA + O *€ wd An 
° ° Oo # N NO 
oa o N 
WWO 


124 


AA ea a etn i tance ata ctl 


ococcocoocoocoooceeoqoocoococeec cceoceccooococoocceoeso 
; NALPUL OH GRHO An OTSNOM SHO MUM SNOOP OKC aVyMOGM CHOP OO mUM SNOHOM 
: SOOO O CO Co et eet tet ont wet mt tt MAI NII NN NNN ANSTO MMO MMOMMO FSFE PPT 
wfloleleielelelelalel eleleolelelelololelulelololalolololelelololololalololalololololo} ol slalololeo) 
[- he Ba Ae dade de Ae An Ae dod 4-4 4~ A044. A Go ae 4. dd 4 4. 4-4. 4-4-4. 4-4. 4-4-4-4-4- 4-4-4 4-4-4494 na 
ce ed cred ced weed cd wed wad ee) med weed coed ed ce med ced ened ced ed ceed cde ced wd ed ceed wed ceded aad ed ed cd ed ed er ed wed ced ed cod ened od cod wd weed we ed 4 


+ + 


+ 


OTHER ROUTINES TO READ ELEMENT CONNECTIVITY 


Ww 
a 
> 
oJ + Loud 
Tr 
td 
-_ 
% AWN + N 
bn ~ 
e222 ° 
Zww ~ 
% ts % om 
Zwuws - 
WIJ OS ° 
al aww ~ 
; * w ie * Ww 
a>w oO a 
d Awe) Oo « > 
2auie~ NFO bh 
+ ot OA * cd = 
Mwoaodr ocr het 
AO. TZNO ee e - 
> Ww ~o Sf 
+ <P oO * O0O° N 
4 wo ~ Cow o 
bon ~ a 
wer ers mene ON 
+ au fon) + tl oe ee -_—- -_ - o 
‘ ry WwW 2 0m =~ mt et md N 
mm Oo ad e oO — we ww fe NM 2 Ww 
7 Da WAY ww wows > wt ere Ke ae Vo o> < w 
ot * COW teu > % e © MOTO ZO ZOWSCHOLCONOCCCOCOVDSCOSO wYOWOO 
[- 4 [-) TImMBDOAOTMO MO CGOWOCS SAOLCSCSCLOLOWNr-O4A0M 
auun COw LAW UD IA ERE AZROSOLOLSOSLO LAD SOOO 
Pp) f=) WwW ee © Aa ake HN OWN wesw 2? @« <q 
* NW Sew % wo cacao aoaqaooeencieooaoaem0 oo 0 
acco. SSL cd eed el hm wad es) Be we) Fd el el bm tm al el el bm I ed 
AS WW wd ww ds id id id ids is id id iad id ls ed a 
wma b= 9909 BhOKO*LOKCOCOROKeCAOeKOaoadcatzoqoocaoaod 
* Fig raomradtad HF =e SNOWY VOU QOVYOVOYU OUOUOUOUUUUYO 
AHR ta NOM STH OP OF OC ete nN Oaetnm 
Se ee eed — wa me NN NN 
* HH He et * 


VVOYOOOVQOUOOULYUO 


sae: niin 


125 


cqoeccoecoocooeceococoosceococoocoaecooococococooscocecoecec , 
CANN HADO MOD CMNMFNOMOCOMNUM SD OEP OKOOMNMSINOE OC OsNMGSTNOf 
LAUR LAUT AIA LAID OOO OW OOOO OP Pe Ph LEED ODDS DONDMODNNOOSAOOD 
SOCSOOCOSOCSCOST COOSSOCOOOCCCOOO COooqoce oc ococoeocoocooo 
[a - 4-4 -d~ dod 4-4-4. 8> 4-4-4-4- 4-4-4. 4 Ga d-A- 9-4-4. 4-4. 4. 4. Ao 4A. 4. GG ao 4.4 4. ae Be 4- A A 40 de Go a a 
cod ceed ced coed ceed ced cd sed cc cd ee ced ced ced cd ced cad wed ce) cod cee tae ned weed cet ed) ed ened ed ceed ect ered ened ed) ered eed ora nad) ond ced eed wd ed oe et cor) cand 
UST USB yeepeoteeyesgeul serve) OSMAN IR A ys I 


* * 2 a me 
w Ce] q ~ 
~ = a aad id 
2 ua < — [4 
| * od * wl ” z j=) 
| — Ww a ~ 4 
: > a z [74 
a a . -~ Ww Ww ie) 
| * 2 < * - ~ 2 Zz 
| — ~*~ (o) wn ~ -_ -~ fon) 
” ~ an = — ~N a 
) 23> - +e > > ~~ < 
tm e+ an eH =) oC ° rw) 
— ~ wit x nd < 
| “eo - wa a © ~ je 
Co < © > > > =) 2 
e* Yan * ~ Wie ” ” a Ww 
fa Attr . Zz a = 
Wie ~~ Lal and 2 z Ww 
a ~ ez - vod 2 - | 
* O00 * - Du - w 
| alt 2) S oF. fan) Cc - 
an _ ew ws w (am) Qa 
wa - Qa o oa Ww aw 
* Pawn + uw Sw ao w w ud 
Asun “ On Pe =) we od | 
Ovsr - nn on (im) 5 x= 
Fura i Zu uoN~ ‘ery re) t~ 
+ Cow +€ owt ome UL o~ f= hy (S) 
Ce~H - x - ~ jes) z 
BUN mM Ao Ze 2N Faas | 
Oo mw ~ Us Ow Se 4 | 
+ CwWwOwW * o fod ot mt me Z 5 2 ' 
aZrwO ww Za a =O “~ oO 
AL ~N wt Su a qa i me 
Ww AN ~~ © OF Ze ze < — 
# BHNUZ % Ym Ue od) =O. 2 < 
rudy ama fon] @} = =O - 2 
Ome ole am ew red = ~ 
APmat We za uJ Luh [= 4 = 
* Weer # (9m (os) == 2) Ww ee 
=>. aqee wma <q ome 7 vs) 
zqOxnw aon QO PP aj at ld 
uw Zdea2m N+ o < ew ~! 
a + — AN % »KO@ Ze b =z < a 
> Taayn i a =O hm wt = a 
- - “aezyN> <=z~ =z oz a = 
= =z Wla cw qaen eZ aw z oO red 
e ~ et - Ne & EPH uit aa aa 2 © 
~ [4 MAUWN awe —O xtc ad a 2 
(a) OQ wra> WOW e ow oe WwW < a) x 
+ (- 4 Far>~ oe oct o oer ° a 
e eo et we SF HH ROP <b tet mx - o “oe 
N Ww mn ol zw 8 atte NS MAO rx woe 
= rn 2S w S wiw ORM O&O eB Oe © eb Om Ox 
<< a << w Ud Oca a Cae ON CSC OnWO Orn © 820 Oa 
OwWUc seowWJOO =a tet BNYO €+€ CAN Fr FO FRNDO CXFO FXO Ce 
CMOWSTHOOAOM = aQJOd Qed ol PDO e~WWOW OREOW eNOW ern 
CODDSwMNOUAW - Dar o~7 wt Ow. ot SD Ow et HD Ow Ft Owe 3 Ow 
2 2 22 5 ” Cw ZFLw2we2 2Zere> Frew Zeke Zw 
QO OO 00Qa«aa *# CW &€£ CE Omid Omit Coiler te Om eOmud 
Lad | ed ealoel Leet Leek ee = 4 NOWA erga bm fem fe SENS = be be bem pee be be Em be 
ea 2 ad od OOD EL ad Sa Se Z Seek Seek Set See 
oa2Q004d0o<0oaw2z5 rxeatzo SfOCZOKOCOCOwOOLD OOxo0oeeo 
BWYUOQWVOUOOYVOEWMH %# MUOdt &£ QOUOUBL OOBUTOOBL ! OVUETLWUFY 
ad out ad 
+ Om N MO HMR H ion NAW nm rf WOW! 
N PF Se + TO Edad ded ro) -) ° ° ° 
; o et HHH & o eo Co] fo] oO 
( oO oO oO o oO 


VOIOVOOOQVOU 


i 


Ste TERE 
eo ale ES a 


CTCOOCOCOCCOOCOCCOSCTCOCOCOCOCOCCOCCCOOCOMOOOCOMOCOCOCOCCOOCOCOCCOO 
CAS HNUATN OE OROAHNMSNOEDEOSHAIM SHOR DTOMNM ENC HOROmMNMG SEL 
SPOCSDC DCCC OCO Cerent eet pent ates HON NAN NINANAINAM NOMMMOMMOMO SESE SES 
So cae ord pt ret at aed Fd cand coed eet greed amd et rey omed gad pred oad cont nd med goed Ot wd gad eed grant amd Sot ay Sd ual gaat ed gant ood ond gud mS a oad Od ot eaaed OS 
(od. Ao Bo Ao A+ 4. Ae 4-4. a Be 4 42 4 A Ae A A 4 A 4s 4A 4A AAe Ae G0 An A 4. B-4 4- 4 4 4-4 AA 
A 
oe ae pe ee ee ee ee ee ee ee ee pe pe ee eee eee ee ee ee ee ee ee ee ee ee 
Mi dd a ld Ml dd Sd as a A ad aes Ld A LN LD aS Ned Maa A As Ld Mohd A A Mak Aa) ad AL 


Xe* ABNORMAL TERMINATION IN ADTRUS,ELEMENT CARD ERROR'/) 

Xe*AINORMAL TERMINATION IN ADPLAN,ELEMENT CARD ERRUR®/) 

1 

Xe" ABNORMAL TERMINATION IN ADBEAM,ELEMENT CARD ERRORS) 

l 

Xe*AINORMAL TER ATNATION IN NSTRUS,ELEMENT CARD ERROR'/) 
"ABNORMAL TERMENATION IN NSPLAN,ELEMENT CARD ERROR*/) 

Xe*AINORMAL TERMINATION IN NS3DEE,ZELEMENT CARD ERROR®/) 


Xe* ABNORMAL TERMINATION NONSAP MESH CANNOT BE PLOTTED*/) 


=: ea —- aad Oe Cd te ~~ a 
0 f~ eo ao Oe ae Ne on] t- 
io) Oo to) ° =— >< -~ = 


0 
ae ka TER4INATION IN SOL21L ,ZELEMENT CARD ERROR®/) 
0 
Aeeres IDES’ TERMINATION IN ADJDEE,ELEMENT CARD ERROR*/) 


°o ono Onc Cn OCHO OmO CAO OCOn1O © = Cc oO S 
Oo POD FAH FeO FeO CeO Aero CeO FReO O20 CO o © 
BW we OW oe OW erOW e OW a COW oN OW eNO eNOW OWS WOWOWOWSW 
et Dw et 9 Dee t 2 Owt DS Bw et D Ow ot 3 Ot DS Ow ot 9 ret 3 Ort Dat Det Dt DDD 
Zeer 2e— Zee Zee Zee Zee 2a eer Zeer SZ 2 FF 2 2 
Ome Omid Om Oem ef Ome omit Stu Omid Cmte. Smt et et Se CO ee 
Sele Soe San sae Sar Soe san Soe soe Soe Ss aS 
Zee See Zee Ze Pd ale 4 me OS 4 ol 4 z 
Ptaprintatat tal -tetictetettatetet tet otottetetettetetet teletettatetet-tetoteteletetetetes 
OU BLOVUBLO BLOUSE OF BLOOSLOVOBLVUOFLYY BLVOYQUGVVOUUVOO 


eo om = DO OePnsd Oo teeXteNN MM SF SF WH Om CA OO 
fo] [=] ° ee ee ee ee ee ro.) 
° °o i=] [=] ° oS °o ° ° 
oa Oo ph fo.) a a ion) to) a 


127 


popes 


lelelalelelaleleleleleleelelolslelelelol cle slalaleleleleelolelolelelelolel el slololelelolaialo) 
DP DDH OP AO ING PIN BPODNO ANA PSO HM OS OMmKuGLin OP ORhOmnnys 
FEF POC OC QC ODOC GC 6 eal cet cent rd ot et tt INI OUN NINI AI CI AINA MO MAM MOO Poh FS LS 
lolol Lele elalelel-lelelelelslolelelalelalelelelelolelelelelolalolelolelololelalelolelele) 
: Co or OF OO a 
: WUWWAAKCHAARAAGAAAGAHRAAAHKAAAgRAHKBaAAgBAAAGEAGaAAgAgEALGAgGAGA 
JoJo daa dade edea{qd{d{dqdqadadadcdaddddd ada ddaddag 
{hs bd bad WIVIMIVINMNIMNIMNIMIMINIVIMM NINN NINIMNIVINMNNIN NNN MINIM YIM? 


* + o 
— 
=z 
a 
: cd + x 
o aos 
; = =i 
de — 
* + 2 bw 
Oo a 
25 
* * ND - 
H ~~ out 
zz ~ 
=O - 
* +¢ Me a 
“w“o > 
a= ex a e 
- Ne WW = 
a et RN oe ot 
= mn ao~ 
- >- = & 
e Yo zZ2 a 
aQ * ~a © 3 z 
> m& aw & < 
S-e Nive 
Land SU et SE wet ~ 
a * Fas an <a z 
> -e¢ >Ze -_ — 
bd YN Zao ” C4 Lad 
- zy ot. t (=) a 
aq * om Op & 2m NI 
N < ee Vibe =—O = - ” —— 
e fd Ogtk mij o> z ~ us fe Ke) 
Lad C4 wali. Atlin ao ad Zz - rat's) 
a * a4 * Aa23 DZe x io) ~ <x an 
Pad ww 2 a usEd a tod za NN 
o > 4 oom > [oo Am um ee 
Lad [~ 4 fe wO Or | en OC Leal ad 
Q + m- ee mw NA 22 < om Tells) 
x Wd QY Uwe CG WW [>] ame CO Oo 8N 
} » = oc~ Gert a So 2Z0O0N «= 
~ Q x ews dh q<Ow > z we WO Zz 
a 6 wW * <a CZA.8. WD a -_ | a) C ww 
: = ru) FeO ez™x cc us = Ww Om we mh 
3S OwnmwW ee w uJ Ww -_ xu <« ad 
> Wr OA2~n & O@mu Zz < oo NN 
—- + m= +t OeOOMte WwW ecto . aw ze nm O we 
oO bao a =z -= a. my x Ya) 
zx (- me FS [ Zav > Zz BheO CO = =O 
a <a. wIto 24a Ww ow oO w = Ww OM ZF -m NYO 
wet Neer &€ YA emnkwo fF =X ores) — oO -— — VY ee 
3o 72) Z eAreDe = Sd <= 2 amr et Were 
na reMZZZN Fe em OO ewe-> ~=O & Om mS Zt I 
a Ww [=] ZauD0 &- D Od woz One Oo Soe UO U~aew 
oO ze <> &# OWOOOZY C aN ee Oumrzr Ow e2a 
UL) be = Wicd WeetstoOw oh ate “wm it NAD OA Od gf Wows 
3¢ od a we eRe ow au weF ow OO ZX 
2ea2 5 a ZewZZwW & We za Wew W OWe Ww wad 
mn £ CO *F CW # ONWCOZ cf we am» wit of ) wat be af o< 
ea Xx ba] Feaqrrw_dce w AT [oP -4 od Aza *+ Coz <« wv 
Zar-O Ow FOwstsrIre Y <e > ae) q@eo *€ wtK WO — 
Oaw2> ut ODTNOeCQent SZ wo ww woz ££ OwoOo w wu 
Wark 6 Wy + eae eee om «Ol eC2ze Cue . 2eu. c= 
= oO 
to] ed & °o Ce °o * Oo 
°o . a * ° ed ° + aS 
i=) +t £2e * ~ eae N 4 = * 
-_ 
{ VOVOLVLLLY VVWO LVOVVLOLYU VOU VOU 
| 
' 128 


Pe ieden Tes 


J 
ee 


| 
1 
d 
| 
| 


SCOCqqco0ocroceecaq0cecocooconoocec¢oecoeocoocooooesoococooscecoo 
WORM OAS SNAPOOMOT OMNUMSNOM DROSNMSNOP SCAOMNM SN OF CHOY 
PEF ESTINNMNMONNMNMUWUMNO ODDO OQDKO DOE E EEE LEE HEE SCOOT ODOODOROO 
faleloleal-lelolslelelolelelaleolelelelelelolololeololelalolelelelolelolelalolaolololelel-lelololala) 
UL UU UU 
2800006440400040006000404064660000646680000464646640400046 
aqqqdadaeddaadddddadedidddd dda ddd ddaddadadda 
ANANNNNNNNNNMNNNNNNNNNN NNN NNNNNMHNNMNNNNYNNNNN NNN) 


% * 
; i * 
4 
% * 
* * 
* + 
* * 
ae 
~ 
* * 
{ w a 
ty - ud 
7 > = 
ad % - * > 
b J a p-4 
[aa] ~ uJ 
H WJ Lad ~ a 
i (- 4 -_ * + > 
\ - " ” ~ 
f =) A om ~ a =) 
og a 7 -N_ 4 ve) 
Ww cm FN + « we 2 
[= 4 <a (=) 
oO w on ~ 
” rrtz Co tm = °o 
o-— 93235 a « to * 2 e+ wm 
222 oOo Qo mN Wd ~ 
i=) s OK So ~ 2 #8 = =< 4 
is) ofS; a —- w ewe © J < 
—_ Oo nN ame z = Ww He od * a 
oOo fr w on OL Sey oclUcO l= wht OO Ud Zz 
4 - <« Oo aca ge OC 4 ° 
eo dada oc <e - ”" a. 
; Ow ooo xn O ran act w * * Z 
oOo 2 oO 222 Coan ao 22> Fa a ” => w = 
W OF & aww +o WEA wF & 72) ea > 
m~ 8 OM mb 2 mm a Fade bens » — >» 2 : 
°o ~ —- 4€200a = <M Q Wi = m= ac + et ‘SN A 
Ce ee ee ee > www ZS Ae ome ow b= > a = : 
agom OO © Ftt & ww SW entifieat eww = WwW 2 7 
Jaw Caleta al bm bm bem 38 =) ~OnOXXLQA © Ly j=) P 
We SM GFWOtws 222 ma a6.4, it z AUrorvendt> ~ ze a +t VY . 
We WD WES oS www iT] <2 New © SS amtet ONAL Lead qq @ o ¥ 
373 W 0¢1325e-e. © whet WOW esOw 27 yDwW —d ”n ~ 
2-0 TF 2227F20080 ZmmmwZ ZZ Wi LOWew ie HWZWIZ D [= z 
me PF Yew ID KPNTWO MSM Mee oe Ow meer CC #F YN we OC 
Kew 6 wl SSF www ¢wewwwOh MPOZWHECOSe ZOAwWeuL> & QA wa = 
zz ” ZTeDunintnst tree rwLSZdwle Lew l>IZOrawo <x al = 
CO2®w &€ BODSUZKSN I Ox NAAADOOWS* OWOLOraAO2ZwZ5 uw « oO 
Wlm +» SeennONO Soe en He Nees OSMUEBUZOOWswM #£ SF Ot OO 
& 
fo] * oo + a O&O on + + 
N * mu 5 om aon * 
* * oo ann ee @ FF 
( * % “a oO 
d WQUwW 1S) VWUQVOUQYU 


129 


lelel eel el lalalolelelelelalele slelalalolelelelelelelalolololelelelal galelalalelalulolelol ola) 
APL SHU CeQumM SAO COO MUGEN OP ORONO PND OC OCMNMSINOFOCO 
DOOCOHORES COS COO CO OC ed eet oe at pt ot pated mt MINI OI OI ICI IEICE OE FR OER SER EO AF 
DOO GOO] 6 wet ent cr rd et cent ead eat od aed ard ad wd Ok ged ed ged cal ed gad cad sat gad ean goed gud gud coed cxed md pared aed eed goed Co at goed Oo pa 
CU UU UU 
agadaaaaagadcaaanaagaaanadaagaaqcaaagaananaaaanaaganaaAaaaaaaana 
aqddqdaddaddaddadddd{addadddeddddaddedd dda dd ddddaad 
MAN NNNNNNNNNMNNN NN NNNNNNNNNNNNN NANNNNMNNNNNNMNMNNMNNNMNY) 


* * 
* 7 
+ *% 
% * 
| 
+ + 
Ww 
- - 
<q * om * 
fa 4 
us Ut 
za a 
uw + > * 
o - ~) 
4 Ww 
~ [- 4 va) = 
> oO et * > 
zr 2 
= 2 v - 
p=] i] Q a 
a - ome % & + > 
~ ~ x < -~ 
b ad $4 oO tad 
” = — Le wel 
a =z > x +t * x<Z 
(4 S " Ow 2 nt 
< (aa) ee bam lJ m_ 
vu ~ -~ Ze = a ” 
rt me * Ww * nN uw 
» e -_ > =) rd eos 
bk E) ~ 2 Ue Wa a 
hy we =] « OF met of 
us =z <I me (>) ew * A ee 
a qo Fr Me CO z= oO < a2 a. 
. i=] aos 2 usen N x © 4 Ne 2° 
[- Pd <> thd @ome ne b>) ~ 4 <a. [+4 
ast Oo Ft = Zum e CO Cs a % © * FZ a 
= a FO Z2ZuOh- ome So Us Fw ~T od 
awaat > e © wet eat ad z wa ws wl <E 
rt =) we A GF uoTrOve 2 << => ive <4 nate 
uns Zz w me — om S a = ££ IN awe 
awit Semen We 8 el enw oo a > We Nard 
NAW O Sha me Zp ome ad2z mL) Zz ~aqwZz 
wie eAAdgt weO $rWONnoZe® ww > = Ww CO ware 
COAckeCO aIMO at EOm 0 ce 4 ZO 2 #* ary *€ ZO AZaae 
LSE ih et! I) wet ere LY teh COU wae e oN om ao ou a =i 
Qs om owe me ODA wd owl SZ Mest w" me PH OE 
\ ZeQ WeZO nZSdWne eo * MZiliww ww > a NZ =O 
: Wt Owe dOwnOQ wei vs wed ewe 0 CO * WW &€ ZO iaato 
NWE WHO Fe WNOeZZOOF Swe ewe Zee este Od WE Pro 
H4Z2x deze dZ2e ddaw =™ Zew Za ew OO Pe) > > a ee 4 
NSD OWOO OwWOu tWWOLk I HMODSLH NW HLEOSD wi< “OL>a> © 
ZZ OSL GH OL ZL ALL es MIS ES eon * YW # OU2Z22 A 
% 
* aA + © wor © fo] ee * 
* One N #OO N 3° t+ * 
* Oo * Hn N e+ te % * 
~ - 
oOo oO Yo VUOUOOUO 1) 


4 
Zi 
) 
‘ 


130 


Seooecooooooeqoooooooececoo“oecesecococecooccoeotocssce 
ENE TID OP ONO BNO POOF CHOSNM PFIO PH ONS NUMSUM OM SHO MNMSN OP 
SFL PTIFPSFITMNMNNMNKHMMMN DOOSDDDODOUE EE EEE EEE EOL ODOC OD 
geek ret pend fot Smt wend oral amet at ama goon sd om ech rm ised pm Gal se aed Smeal sad PT Ge eae A gd Ge end yr com gure sem go eh we grand med ot gy el I gad end NM ped 
URL UL LU UU UL Wk UU ll 
BAEAAEGEAAAKAEGAEC4E4AGHOEAAAAAARGAAGAAAAAAGAAANRACAgAGCAARAoA 
Ci€d€di {ddd ddd ddd ddd edad ddd dda ddd 
NNNNNNNNMNNHNNNHMNMMNNNNNNNNNANMNNNNNNNMNNNNMNNNMNM MMW 


+ cg 
% * 
* * 
i + + 
% + 
+ * 
q -~ 
we oON + 
; Ud 
~ a 
+ + > * 
i o - 
-~ a 
us 
ome += + 
Ld 
-~ [a] “A 
w wt SS a 
e o + * 
~ to <x 
i Sd i=) 
wns ~ o 
ee ft +e » 
Go =~ wn m= it za 
- uw mw day 
Oo = mae a = 
<om ~ ft - - * ow % 
wee war wn “ZO = 
cl = wo 2 — a Ca 48) Ww 
2 Pad a 3 a We ~ 27D 
had = <= of] ™wy oh %¥ = * 
bo ot = oO ww ef OO weet w= LL 7) tu 
au Ss —_+ ww a ° eel & HCY po = wa 
= -— a wom gG TK 4] = ¢ =o) 
Zzvuoue Oo tw WW “<~o-2z“ mt em O Ww = F 
~ =~ ZPme ZF cmt ore + > PU a >a 
Cae Zid W NO WwW alm =m —_ fo aes wm us 
MNO eOO = Oe FSF LeOMO erates ate Ww >= Ww 
Om es On WwW OU W awPOme ZitwOllw ememeTaZTtToc 2 ¢ AY + 
INGE Ht ett ome KIN UU NIM FDO 0 enp om In 
owl se SD Wo ewe UW tw well CF tet et Dee 2 tO et kw “ 
We §*% WeZze Nb Laink& § WN On MOK ert b= ) a 
wdeNOw<«dmm OC wd OC Oden Lt as a ae 70D C HH MU & 
[=> <a) Beri fq OF Lf ZAGES $ Fate tmp eat Ow 
<aw da Widyey W w2tdeteze w woZ2t un N Zen oa Lo) 
wourowsoo eC WO gf LHWOWILOxKXOOxKO DOuUwLOZD ui 
Loe PORK - 4'e ond OL Ue te EP tems ee eet I Ere OU HU 
oo * * (] fo] N WoO o + + 
[=) WoO + N 7 AN + Pr eer ~ * 
= ° * Co ~~ ot —< he ot ha) + 8H 
(} °o * co [>] 
~ -_ WUWQU AOOYO = WUWUOUUY 


131 ‘ 


PTOCCCTOOSCOCOCCOOCOCOCACCOCOCSCSCCOSKNCCSCOCOOCOCCSCCCOeCOOOCoo 
RO MANOS O OPE DO CHM SOOM BHC INE FINDE OP Om ALN OP- OT Oe tue Fino 
LA MOMAADAKRARAFOCODO CCS OO 6 ea 0 et rt et eatot ont eM NIQUNI AI INI AUINIORIM MO MOM MOE 
canton cad eant ont gant pont emt ont ont ot CUI EOIN AI OUI AS AINA NAINA AUN AINA ANNONA AINA 
Ae MR UR LU LL UU LU UL LU 
aaananoaagaaaaagaanaaagaanaaagaanaagagagagagaagagqganagaaaaaana 
adda ddadadddfddaqdaddd{d{ddddddaddmeddanddddeddadaet 
NN NMNMNNNNNNNNNNNMNNNNNNNMNNNNNMNNMNNNNMNHNMNNNNNNMNNNMY 


+ 


% 
* 
* 
ow 
vr 
=x -~ 
ba ] oe -~ N + 
2 > ot > ~ 
o = »~ = a“ 
a = = = ~ 
» > = > = + 
- a 5S =) = 
a) Sd Qa ~ i) 
ud — 72) a ~~ C2 
z ” fo 4 ~ ue * 
. a 2) w 72) 4 2 
-~ ec a om a — 
© < [= =] [ad ~ 
~ (a) q a < + + 
~ Lo) - (S) “a 2M 
[- 4 > - ~ Ox 
C4 -_ > ad w ce mh 
a. [4 = > Oo <t - © za oO * 
2 ty cm SEN a a Un" fo) oc o 
- - wu > -~ Om 2 ws N ~ ~ 
Qa N CO > a ©Feaxktw >, zm bee | oad 
za Lhe OCvurt at = — S2eOHO ou oO ao 
= e Aer ware OF FD Aut CC Omer tte l= 4 oad Ww 
> r= awn 4 AO Zw e UU eo “4 Wi 
> ane IPO > Wun o >X<YvO 2m ~) me 
~ mtTnds eS = 43 we &—- Oo ws PU Oo x ee 
— ewwrewer et Fae Ot Ot S> es Zaotn wns on 
ZNSE ot D uw eO WMO WZ a wy eO= £25 ~~~— 
CO wddetiimesOq FO FeO KO Sarow eZ > 2 “ME WwW 
OO YABEArHNOO Wilh t Wet meet arom eo Z2eem~y~ *O ZF + 
DQ BQSSZ ert ts Oded HOLLIE 1h tr et ad ee MLL “uw o¢ Lh Mo) 
SN Att ee DW NBWYND oF eDewl wo eZ rl ela ad be a he 
2 ZoLe Nez w~Z ~Z W2Ske0 New oe SF w > 
CO Owe OOwaeQO =@OO wmOO~wmO CO~wdy Fe I! SWzZH7ZO Oo «+ 
Sees Cee ast Gen aeeeuee Lb poe ee [o's 
Suleresw dygzu dZuw d2zw daZzue2wer nu“zzn wn og 
ANDDDDcCOwWCOKOwOKOWOc@OWOwNeWOuU wYOdsau “uoz> f 
YUSZZZZZ OSU ALY ACY OCW] CibmmsMWOZSeSeMOWW + ¢ 
*# Mor Or or Lo] HON © i=) 
# Ome Ne me wv #OOoO N 9S 
* oOo * * en = N * 
~t om 
>) WW oO oO oO (>) OOW 


4 
{ 
y 


lolol oSalolelelelelolola slalelalolalololelalolclelaiclelelolal olololololelolelelelel alelelolo) a 
MSHRO MAM SNOOP ODOMNA SOOM OD Oe uM tinwh OO aM SNOMOOOHNMOS 
OAM PF LPSESFSFESFHPMMNMMN NAME AMM OW QOODODOC QO EEE EE EEE ECOOOO 
NNNNNANNNNNNANNNNNNNNINNNNN ANNAN NNNANNNNNNNANAINNNA 
Me A AB as aa le Hak le kk Male hale Lah Loe Kaan Nan aan Lan an Le Kalen ban he Se afan LL eben bake, Lue Mahan Ldn Lie he Laban adam Kaen Lam Laban fol A tle Le BL bbe be 
aag84480000464004064464046000606000606600040004046464000406048.060 06 
qeddidddcadeddddididddidcdddddddddidoddddcaddddd di ddd 
NNMNNNMNNNNNNNMNNNNNNNNNNNMNAMNNNNNHNMNNNNMNNNMNNNMNNMNM 


EB ERD SAP IV 3-D 8 NODE BRICK ELEMENTS 


a> 


* 


* 


K(20) »NEL TYP sNJMEL 


amg 


WEOWEMOAW TF O20 ~-OOOo 
. > ae a ec <a 2ada¢q 
mOoS>owo C wo OCuwwoO 
CUZZZZa20 & =O Ueero 
* Not Ont 
* Ome One % 
+ o> * 
on 
Y = Yu 


tL PROPERTIES 
C 
6 


) 

) 

RIA 

MAT 

002) 
E 
) 
L 
2 


APWUZO b= 
aS ReweGarw 
NELLIS oP Dews e-D 
wir end Ser ee nz 


mde © tee O ot mes 


NEC SCINPCE) »E =1,8) gENINT, IMAT,T INC 


“A 

[4 
~ Ww 
f= oe 
_— 
> a 
<= = 
Cc & w 
DO wl - 

S + 
os 7 
~_ — 

we « 
wwn Ff <« 
> at F a -~ 
Oo oOo D> 2 " 

(=) () 

Zz=zC - 2 
oza =—- Oo - 
mA ON ° - 
mw GO Sent 
_@ So Wil -~ 
ame eamen me OE 
WNZIN © mr ec 
HOW a SHOnG 


r 4-4-5 awONWeat FOC Th mm tt maw 
SZ HON RY HOR WOU 1 OU Ot 0 ef NL OL ee rt ee ps et ee LL 


(=n) 

is 3) 

x 

Senet 

Pp) 

jo] 

Ww 

w 

nn 

a 

2 

ot 

Q 

a. 

ww 

eo Y 

Oo oOo 2 

= us = 
2 Fa A oe) 
owe = = + 
“A CC =m ZT am 
- -~ om 
Vie Zz eed 


5 
5 
0 
8 
N 
E 
R 

NP 

UE 


-~_ 
> 
ad 
W Seni e Zeit as = 


Qt bh CE eee FAT d@FDe eee el BS ows IIe Pt pe we FZ 
Zeer We OO™ WOFKNW WFdaAreZwWewZVeA0 «¢aOz 


be SN ODe i eZ IO to UL) ot re Ws 
Zw Xw i i we 2 zz 
CUWWOUWW JLKOC Owod Os 
Om Zeta Zee zO Ova (eh4 


io] ow 
© mo 
mo 

Oo 


OFW 6 
NEW UW £0 OD 
ote mt ome 


>) (=) 


elelelelslelalololololelelolel ofa] clel ele ol el alolel al alo ol alaleolololelolelelolelololololole) 
WOM ODO MEUM SINOPM OF OHM SU OMODOMNMGSE OR OOO MUM ENO OC Omty 
QAO DOKCASARAKGSAI AA OOCO COOOCOOC Pvt ee eae ond at oat peter ort ot OI AI OUIOIOIO AIA 
NAINININIAQN BINININNNINN AM MM MMMM MO MM MMM MmMMMAMMMMMAMMMMAMMCNMMmMm 
(low Lue Lee Lele be be LL te de LK UL Lh 
agaaanaaanaaaaanaaaaaagagnaaaaaaaaaganaaaanaacaaaaananaana 
Qd#addadeaedaddddaddadcdda ddd ddd dad adacaad 
NNMNNNNNNNNNNNNNNNNNNMNNNNNNNNNUNNNNMNNNNNNMNNNMNM 


* a 2 
f * S 2 
'f 
| * 2 
| 
% + 
i 
* * 
i a a 
Is es 
a. we) 
* * 
Ww a 
Qa uw 
> = 
tet bt + ” 
a z 
uu o 
~ Qa 
* * > 
” aad -_ 
a a > 
~ [~ 4 Ww = 
foe) * + z = 
. (s) . po) 
end a oO 
" Load 2 ~ 
~~ CC * = * N 
ee wy Ls _ 2 
) = [-4 WW 
rad Ww <x i) 
wor et ww + A - 
a> Ww a [--4 
Pd =e uw 
~wO -/ <a. a +> 
aw + + mse okt 
wd a Wi = -~- “¢£© FF 
wer a! ra ~* aa 5S 
Zw VX) n>» 4 owt &O 
os Ww a oe - + wn Nd 
a az wv > >= jm wei SIE 
2am amt LLY me > LarmZO 
ee us eo <q<Z72Da eO 
G90 2 * ary # ZU a ZW 
CUTLIP pes qa oo ZN th li 
~~ oom ” =~ © NZ o 
ad od > (=) “nf tie Fw 
wuUwWwoO © # Ww o a Ow 
— PZ © 6-4 wWwtrOwsr Hoo 
ieee §$OO .-o ZzWesrtzac < 
CUU0OZD wet mOPKPMDDEWOW 
Fume) %#¢ CO # QuUSs~SS2zZCAe 
% * 
ed * 
% 62H + 
VONOQOVOVUO Ww 


T ceaal 

~ 

> 

= 

= 

> ~ 

eo 

~ t 

—Y ~ 

we + 

Cc ~ 

-_ ad 

=) x ~ 

<z 4 o i) 

ue a. xo a 

~~ Zz - =) Pd 

a > ~ fo] za (=) 

zt fF —> a wn ome 2 

Q = © - = Cal 

a ™ om S io) 

ao Ait x ~ + 

aad Wem +r = © 
~- Fam ofan mentee © Wh 
DO WNNO eeietiomaia ow GJ eee] 
tT Le On BVerew iw 
Oo BMAOQ HLOmseZ il me © IK 
SAW HeatiWewei oC fe Ome om 
ww SW ODO. ow? Wo Gh Sonne 
-Z2 W2EI2ne Zz nz Zot 


eC2W dz~ <a ww 
COL CWOUZWOSLOXZLOOXO# Wn 
UD OL Ce a Bee Se ne 9 ee 


* 
So oO om ow Owe 
Ome N CO AY ow 
ao Ow 
~ = 

YU 


ceoocoecocoococecococoecoocoooccocoeceococoecooc“oqcooocosce 
APFADOPM ODO et NM FINO HAO MOM SIN OP DOD HO MNUM SNOMED OMtum fnorare 
(optoaToa taal aiastaai em ee ee ed ol al al aia] alla al alal olvelhehol valves GNobeobel iit iol ot-o) 
AAO MHA OM MMA MAO AM MAM MMO MM MAM AMAR MOAMMOAM MA MAM MAMA MOM MMMM Mm 
Se ee ee ee are papers eyy pvapemreameareareupe ase ry 
B2acgagaagadaagadadanaegeaaGanhesaagaaaaaadagagagacaagaaaagaaaa 
daddagddeddd{dddqedddd{q ddl df di ddd di de dedi ddd ddaqaded 
MMMNNNNNNMNNNNNUMN NNNNNNNNNNNNNNNNNHNMNNNNNNNNNMNMNMNNNN 


+ + + * 


DS (CELTYPE 7) 


-_ 
x< 
ot 
to 
e 
[<4 
o 
o 
[4 
ee) 
2 
ome 
”" 
_ 
-~ 
= 
tr 
ot 
w 
— 
be 
= 
Abed 
a 
Ww 
io 4 
i) 


READS SAP IV 3-D,8-20 NODE BRICK ELEMENTS 


CARD (OUMMY) 
MMY 


A 
UMM 
Y ELEMENT CARDS 


521004) Mell KK 


NUMNPsNPAR(20) NEL TYP, NUMEL 
RETURN 


M2,TE2¢KK2 


04) 
1/KK 
UME) 


Zz eOOZTZOMm 
On] «On 
USCS eA tee 
Or Wo - 
wet eV OCwew Oct 
O+42¥%r-Oe¢2Ze=z 


me tiene ih ed LL ow 
rw - © eh 

~~ JIWOW CO Z2ZNO 
KWo eb FO ZZ he 


ROUTINE BNDRY 
ROUTINE SOL21 


o So 

* °o ° 
e tee % * ~~ N * * 
YQ 


WOUUQONVOUOU BR OVVOOU 


SCEOCCCSCO COMO COOCCOCOOSCCCOCOCSOCCOCSCCOOCCOOCCOCOMOAACaCO 
MALO OM OAS eNO FD OP OD Cet QOS OM OOO IO AFD OM OD OmMm FING © 
DODDTODDDOTARMAAARARSOASG HOOSC OCOCOCO OO ert ot wt ert rnt ot oad ot et I IO NI OIONI NI OINOL 
MOAMAMMMOAMQAMMAAMMOAMAMM MEF Cere rte rte tree rere rer res 
A kk Mae Ak itl Rk i Rak ha Lb idan dle Le A Make LL le LL ha Made LL kk a Madlib Mh hie A Mae Ml Babee Man Lib hin Lefae Malan Suen 
Q44044064400440460460800800400044040400006000060004004000000 
q€@i{€deaddadd{d{gdaddd{ddd dead dade dadddddadadidaddad 
MNMMNNNMNNNN NNNMNN NNN NNNNNNNNNNNNMNMNMNNNMNNNNNMNNMNNMNMH 


20) sNELTYP,NUMEL 


CE LOAD DATA 
ION SETS 


E 
6 


1 
RIENTATION SETS 
0 61 


”" 
° 
i= 4 
< 
oO 
> 
~ 
x 
ti 
a 
[eo] 
(4 
a 
ol 


0) NTP 


LS 2 
004) DUMMY 
T LJAD CASE MULTIPLIERS 


eaten DUMMY 


woe emma OO SO 

Lew OLOCWWA IS mom ot ML HZDMWUZ oD 

Cie wdwd 6 eT aMNNaAaN WetOZe e mz 

OAAdg AVA OOO aterm IOC OUMUS aterm TS tue ome 

22aa2cdZ2002w iaonszns s PEE NORWY GO NOMWAUNOrwu Hoe 

Cd ot ee eT - Fie IZ DMN Z AFD NABWAFDIMBMAF 
AZO | ROS ORK Lt LO OFae weZzourn wORZMa weoszw wo 
ZOnN KA erica O<e ZO YOY COCgU™ QWOCO= BCU Cru 
WE IF R TREN SEEMOMN HKQZnNe mAZO eo 
TTOOD Kw YX J Mew A. ST a - Zaiw za 
=ONM Dadi OOduuOwo oOuwood Qwuo Ouc 
OVZS2SFmZFTemSeO Wem 2O Qe mO (ST. fa) 


Ont Ont Ont 
00 + f= Ph 4p OO 
% * * 


Ww oO =) 


13? 
NU 


9902 FORM 


SOCOMOOCGCOCOOCTOOMOOCCCOOCOCOCOCOOCCOOoOSCcCocooooccceococ 
POMNUM SRO OA CHNUGPINOME SHO NASON DOMO SNM SHOP DOO SING SINCE 
NAM MMO AM MAM OFFS SEF STON MMMNYE. MM 0 OO CO COO CG ent et at ont et eet mt og om 
RN ete Ee ee nS ee ee ee ae ee col elelelel el slelelelalslolele\ol ele) 
UU UL ht tl A lh hl ae a Ee a Me fe cd eet et ee ef ct ct 
AAAADAARAAAKDAEAANRAAAGAAAAADAEACAAAGACSSSSZSZSZ2SZZZZZZA~AZZZ 
aqd€difeddeddadadde ddd dda eC coconacoqaacsmacaace 
NANNNNNNNNNNN NNNMNNNNNMNNNNNNNMNNdddddddddqdaqddddadadda 


+ * 
i 
= 
w ot 
* = * x 
= o — 
~ ~< 
Cc de — 
t + ez = 
= Coo a. 
2 z 
= a . 
* <« + ND - 
(=) > =m 
=z ~ 
WwW ~od bo ! 
. a | * NA Qa \ 
ad ~O > y 
~ -_ ox & : 
~ - Ne Ye ‘ 
a ~~ % EN ow ot ‘ 
= wa ZV OC w~ j 
had Ia > = ; 
— arya) vO 2 a Is 
a + a*xw ~J « 3 - 
> = aA Awe 1 
o> Sree VW a 
- fo moe} KU em Set 
(an) a + Ww e* Fa OD— ; 
ea) > a Yet >Ze i 
aw WW A Zehr i 
- a Land OQ ad “mm 4. 
p=) WwW ~ a + Co om Co 
go [4 © ~ id ho Vike : 
uy fone N - Ow Ot motto : 
[a4 pa] 2 ad wtih Oliiweue 
~ lor ] « Qa ++ tn #* AY DZKO 
ont °o ~”n Us om ~ > bh ome Mu ZO 
} " N — “e wo tl < oF om >O 
-~ 2 2 ~ ont = fon} oa de KO ec 
Rd ca -_ wv e © a ee ee a a) 
- - iow) = © mat x< 4 IN Uwe o ; 
} nue W a ze ome . ZI a Cave 
Oe UO = oma ~S Lead - Ss ews dio a 
xt Zo w oo a-C a * OM # eatOZa0a~ ‘| 
. << mwet (=) Qa. «© 2we = ban) FeO eZxKO a 
OF = = tl jo) =O = (= 4 COW WW & om toe 
4 - w WwW eo za Ww 2 e © z Nt wt eOaeme NY pt 
ae wa Z ) Qa ox ed ~ ££ OW # OFOOZae eo te 
FO WiNe mw ~ Le = © + Usems ~ < x eel ZE~—wO ; 
ss fo Pees om - OC =m 7? a FN= = wo me FZ Dw 4 
QC ten ee w ow Owe Le oO wO ~IQO Ou ' 
st x< ~ WoaZoe LN eww sOow w ec * BA eNCNZO 1! 
mmm MOOFZZW CZ—aw +nnz © Ud be a -ele H 
ZeTOMOMW © at ewe ome ame AZ 22 ee NZI SN | 
WEAO AO WOKS Fe Zatti Ss w ee WW -C Z2Zeue5sc Lonad 
TrIwONnOOWHIZAOd Peed iiQwm Fare © FZ €# KY # OWOOLZZ—M | 
Oe A ee Oe el 4° alee oe 4) dpe wo] ee es p>) Wot~ogqoow 
oT. Oe ee 4 ee > ee ed Om wY eee CU 
WO Ane Swe ZOoAD dWLa07 lea wZ =>  r-4 2 W2ZZWM~wY 
O2wde dm 22 WNZVOY Ow Zoom sie C w* OnNwWOOsz Zw 
OZ nt QOFOLD— i m=z ue bem LL ot EWES oee nz Lx<e<TIrwwod i 
aw Se toewe Hw =z Zemwew |} QM wml =ZOULZL=ETOF | 
Wu wwOwowW wt <OO owc OCDdemuwccozrz> ra SIMO Oem ss 
Co SOLO ee SEO OGa OCEmreywowwn *¢ eu ocr tachi eS | 
~ ~- 
# 008 © © S#N 0 HO an ne | 
* moo + We WO #O bok e) + % 
+ me S -_ se mt mt et ten] + £4 © i 
y 
{ w .) i.) VYVWLVOLOW 


137 


Pg PO Tb PTS 


elolelelslelolatolelel allele) elelel ele] olelelalelelelelelolalalalalelelelelololalelololelelelelo) 
SCOHAIM SHOE DAKO SNAG POOH ODONNUMAN ST NOP OSOaANMASNOMOC Omnm sind 
BAIN ANNAN NN AAG MME MMO SPST ETS POMNINMNMNININUIN OD 000000 
lelolelolelelelelelelolelelelajlololelelsjlelolelelelelelelaelelelelelolelelolelolololelelslelelelo) 
deqddedddadaadadaoddddde ddd dddddddedcddacddddadad 
22222222222 2222222 2222222222222 2222222222222 2222 
ADA OHBOQAADODAGGOOSGOCCOOAQOOCOSDGCOOOBSGA0GCAGOAOGOGOGGBCACAG 
aeddddcedaaddddddaddaddtdddadd{ddddd ddd ddd ddd 


Ln Ae pee metab 


Ww 
- 
” 2 
z 4 
* = 
q << = z 
4 uJ 2 = 
[=) — = 
S ad ~ Zz 
= a = + 
~ —_ fo] 
wot o (an) vr th 
= -~ a cz 
©o 2 “wn Oo zc 
WJ ~ Za qq gg 
2 = Oo oOo WwW 
al a =~ Hl z 
ow < > — = (Ss) 
(a) 2 qd - — me — om: 
uJ a = -~ om (~] 
2 = Ww z 20 uo 
YW @ <q - ~ ao og 
- = [=) C) io YW ud 
rd Ve Wo) ond o < aan = (a4 ° 
—O. © o Lad Land <u mm ~~ © uo 
F OD— 2 —_ < oot pe oto) “we oOo = 
act (7) b=) a =m od mu zag = 
[a (7) ga nO? RO QO w > a 
WD o@ < uu Lad - em NN 2 ° 2 
a= = oe Zz Or ee “_— fxg) 
fe re -_ ot 4 ~~ Oo =m ww aA -~ 
NZZuw - uw i=) miLS LAW ao ww > on A) 
QO we a uJ a emon ~nN a ~~ © Dew 
CwzO = [= 4 — ae = om 8 =z a ZNO 
<Owa <q = =! homed a) og 22 ow ew Ca 2 NF 
{ Oo ame OC > 4 wae ON we NX OC Ww <«< =—OD 
4 CCU eth — 2 [=} ONES eH _ = 2 0 lad ee mH Onm 
wld Pet o e en} =e ww aa COw gt fh Cw © A w~F 
>~- Omuanm 2) Lh ee eZ wteG ee NN -, ° Q &-oO e JOVSDTE 
ZetOSZes YY OwWSEts oma (Ooh aw wm Ou SG OwcAasD 
=z eD FPS A my Fr TIT wW Zh Ww on ' oo MO WwW FF Ue 
? SS FVecmmO FT WW ISD-— ox Fam Tm ia) e ZF ibe o wre 
a Aa CO WZ ete Mm AANE watinem WY) Go ms — mei 
{ Vas mz aw UO SWZ #* =O W ON 24 = ANQLO 
4 om Com > = Reema ant > Wwe & Owe oly tem ete UL BL ed 
. Of Ce DHONI NRNNOOSOZ Deeb te FY it 0 0=—5OO 7O0OuW ad ed 
Om@WOZO eQYZOmnoo0ocodw Oe Vhwaewrw 2ZOd wm 2ZWdeteO eO UZ Ze 
COr-m CHWLOmOOCOCOOWo Ome wneK SZ WWatwwre 01s KO FZ cuww | 
ANN HRM ZSAIARSLARMNAH CQOW WOwmrWe WH OMOSL eh it mw ee 
CO owed it ow I! FZ ow eee & ner owl, ZF a tote DFO Pes Fo | DH Pew Die FPO 
UNE ET ANE NTMNEMMNNNOO Me eDnuaazweaw OOCOZZED uZa ¢+>es 
Qwdt Oe dd PWlw dwewwww 1 Oe SOE HN OCONO Swe i DOO ewe re be tH OL 
LOZOZKSOFrO4FOAOGCOGO ta rZow KOZ ate MH ZZON -Hwvuozs~ 
dda dF usd eCwOodcedtdd ddd yor aeww 2tet ~~ wt Iw Zw oi 
QWOWDWWOWSWLCWWWWUWOWWOLTL ODS40CuHe WwDS>U00 OmMULOLSHL 
ZOLCSSCOSSIELCSeCeeSSCbwm VUSmiLOm meZ2meO YOmeeO 
ORD mt N * oOce N * Ts) * o 
Onree OS ° * mo ~ * - + N 
‘ Oree OS 5 * o# * *% 
‘ oa a o o 
HI =) Q wy =) 


ODCOCTSCSCSCOOSCOCCOSCCOSOCSOQSCOCCSCOCOCOCCOCCCCOOOCSOOCOCOCOCCOCOO 
DRO SMMSE OP ONS HINGE LNOE DHOOM SCE OS OeQMTNOK DHOOM S 
DOOR ELLE EE EE ODTDODVOSODOPEAFARAATORPOOQOOCOSCCS OC Mtatataim 
lelelelelalololelelolola\lelel clulelelelelololeleleololelolol ole] orn! | er TT ale lee lee Lees) 
aiid eddie dcdcdc ddd ddd ddd 
2 2222222222222 2222222222222 222222222222222222222 
AADOOCADNACOAGQOCQHSCCOCOCHOOQOOGCACOOHOOOQCCCOACAODQHAQAG0QA0C4 
qeiddadd’idddddadadddddaddiddaddaddaddddadddddddaddda 


O- AND-ID0(1).EQ.0) NEQ=NEQtL 


FS T9 DETERMINE NUMBER OF IC CARDS 


ve] 
“A =—_ 
aa 
b [on wad 
bm =) - oo _ ~ 
zz z= on ao oa vio 
ws O S53 aS z °° 
~~ o aa « ce oO > ow 
mm ba bh were P oda Od Hz - = anal 
= ao O- An2Z QQ mu = - © 
2 ad wed += +0 ++ om > oD o > om hue 
Zz co -2Y OOM um Cm Ot 0O oOo a Oz 
~ v2 MW wt wx We OOFS z ZOO 
-~ — ZMFRAMAA sésé CT on} LAY oanem r= end Moos 
a bm > z wide Fe wwe am abe ANOO lo} Mn) ee O 
wl (4-5 = & AD00 mh my At t eo *<tO me 
oO >~ 5S AaAWJOYCSCoweaaw it we 2O2#8ZCO Qaoo Wem OwO 
= of Z aXZON HH NND SPN Dew OUOLeWEVOmUOW WeOwW «NN en 
=> -— - Ot *eeOoemm SHnVt2e>D ZA OQwID3D Coed tee oD OOD 
a 22 we Zmbe t IS LOM oe mriw ZF > sQ0ZZOOes2n2 2ZanZ? K-Oww 


PNW LYM VOOmwr me heh ZO Ih et OO Il ier, tb mrmrler ee 
LoDeKD WeewwTek ZeowFh be Vi Zee OeWO emnOre DE OwD> oF II 
> 2ZaaZO wXRKuODraeaeOrrOFTZZuiad woazZun adzZzaq <22z=no0r 
OOM eA JOM 1 LORYNUOUA.AUDG NIOWOMe Oe wMODTWOMOOWO™ wOZ 


ww pm bee mere fm CO) OO >N ZLVOS0ON VZOOOm“L OE mF CORO O=O 
nm 2unn2zZ aAO=T wait ow zu Zaidwe 
-OO>NO NO o2z200 UWwWwOu CuO OWWUL 
ASVAHvux~o z2z~ora wet OF OL Ch me ee) Wet ame 

-_ N 0 oa 6o * Ww £ On Ont 

N N N N MU * ww + oo fo Toe 

* % * 

(=) (Ss) (=) 


COCOCTCOSCSOCOSCCCCOCOSCSOCCCOCCOCCOCCoCoCooCococococecocooscea 
LOMDOOO MANN LO OP OA CMA OHPSOOHM ORO SAMA TAOH ODO SBNMO SE OP OSAKO et 
tent td AMOI OAIONAIOIONC NN AIO MHMO MMMM ANM SFPEPFES SESE MINNA OO 
eh camed om geod Ed ged ad cmd end mad med cond oad Sad pened owed seed ed md pend mE Ge Ged ad Goel cmd eed rnd raed ead poe eI evel owed ad oad ged cad pend Od eed aed em gad ed cad pad Om 
q€e¢@ddddddddd ddd ddd dead ddd ddd ida 
22222222222 22222222222 2222222222222 2222222222222 
SOQODAOGOONSCHKHOOCOOSCOCHOSCOHOHOCSOOCOCOSHOCeCogeCeCOoOeCeO00Hea45 
qqaqdddddtaddddididdddadddddddddddddddddicdeddadcadadda 


ele 
~ 
~ 
~ 
w 
fod 
e 
x< 
° 
~ 
e 
w 
Cd 
o 
s 
" 
on 
= 
[ a] ~ 
w oO 
oo N 
eo 
2a -~- 
ad " 
L el 
(=) tad 
—_ = 
— = 
wf —— ~% 
= a “on 
Ps re InN NN = 
(=) aew = 
x Qn Zet = © 
< LO wilt CO ww 
uo ° C- (> 4 eo) 
= (=) Oveit Qe es x 
tt oad “220 Dm eo o 
a > ~ > < nm uy 
xe zost = Vb] t= Fa 
<q<qrtireck = Z20 ac ~ 
vw 2 =) > ete 2a ££ 
-O2 08 0 OO oS oO rawa det “” 
wee o WOOL oF Avtw > 
Zaiadoa On On Aw woiw Pwewll! ae 
AUHKALO “240 LO = Z2U40 [4% wo 
CZ2etO OO <o - ~”~ woe q> Q 
ZI Oued Oo LO Co eH 2AOne ArwW C4 
ua POW ZOWZOWN O oF ew ent o72W>D 
wZhe eo OD © OD © oD SOnWeatAOnmn 1 WZ O uw 
KQOUasMIN® eA Sam Z2w ARTZ tlewDORW emt z 
ZL 0 won) Hwee rr ON WW EOQ ONG Ue a 
wed mm Oh Ye Qie em Ohm DODww Bowe > Fw _ 
4OW A2eaq dZz f<2eZ bi wReWOWeree eH aOwZ FD 
CtwwnWOFtowoow oda wsww<t OeWwedErOUMme O 
LEK OLOKOLOUANCOTeWETOSC KET LS 2 
iLNw ~ C2Emer Cd 44 AHaag 
OWLO “uo oO Soaecwo “oo Z2wZ2z> 
ZemQ =O [=) LWLEBLYXO Buu WW 
w 0 ore Or aoe oO Oo 
oa) o Foo Ow On on 
om oe oo ao eo 
o o On 
(=) 


140 


+ + 
* * 
+ + 
+ * 
+ * 
* + 
+ * 
<q =! 
- Wu 
4 = 
+ 2 * 3 
2 
”" 
” a 
* 3 + > 
« = 
oad ~d 
Ww 
e+ du # 2 
za. . 
= >> ~~ 
Are fo) oO 
*e* fu *&* SN NIA 
w ~ am 
oS (4 noece 
<i> <q ok? Ao Sed 
* Wo * a <q 
x 2 TOS 
So - ZzZZzNO 
Ou a = e 
+t Fey Ft ZZ ZeammOm 
! = emt COA, OC 
Ui S— me 0 om” 
Zi zo acmwrd 
+ * New os ome 
be uy ot en? 2 ed 
22 Zt Were 
Om Omg eNnnnide 
+ GQe # OA PeteeOoe 
as QZ dwwwZZ 
2c Ni Tarot ves 
Net ze aoe 
* * Oem 7TDacaza 
mn Pensessoe 
dened ZZ NW wom YF <I 
Pp ae = ODNUuULs do 
ee me HB OS See SZ 
+ 
e+e 
+ 2 
VUUOVOOW 


lolelelelolelolaleleleleleleolela| slelolelelelolele) elelelnleolol alelol alo slolelelalelol ol slelo] al 
I APIA GP DPOMNUMSODOE OS SC CIMT IN OF SHCHUMN SOOM CHOMINMOPSWOOE OOO 
} DODO GOO OPP PPK HEH ODODDODDODDDIRAAKMASASTAOOOCCCOOOCOe 
! a gd ed goed oak comet coed md mt gad a eat coed xed gon rd gored ead med ered goed =k ged Ot eet ead ad wd oe gO om Od peed ead Ot om OMEN CIN EI ON CUI OOO 
{ tddddddadaddaedddd ddd ddd ddd dd did cddadaddddaa 
! 222 22222222222 22222222 22222222 22222222 2222222222 

SCEOcooggonconeaqacaqaaqqccoaqncaqcnoqnaeaqnnanoaqnoqcaacaqoaqcesseaaa S bad 
eqdddaddaddaddddadd{ddadddddddddddddiaddddadadddadda fl 
{ 


eee ee, 


* + 
| 
| * * | 
| | 
: * * | 
< 
be | 
*e* << * 1 
a | 
~ 
* 2 * 
tl 
= 
iL 
| * + 
ua 
Ui 
* 2 + 
4 a <x 
| w am) 
! = a. 
| [ae] > + + 
uw 2 Ww 
” (-4 S a 
a oo a a (=) 
\ aw =) Ww > * 2 * 
| < fo] a _ t 
=) tu ome p=) «a 
\ a“ > w 
: ~ < g = *# <« * 
' + mew n w ° 2 
[=] o- | - [= 4 ~ - 
(= 4 > an 2 ° a 
< = XJ) i) 6) Z2o NN e% << * 
(=) ” = wad ow (as) bh ee ~ 
z uu = aT (“9 a Zz =~ (> Sood a 
ry Lond a Wig ~~ = - zo uw 
i [=] Lead =< o peuy [=] wo Aw & Wa. * 
3 i. (- 4 ~ WO wm a a - bac TA od za c> 
<q w aC az = I oO o 4 
(S) a «oo Ww 4 Us tong ome [- Fd Cal 
aa Go <6 =- AMS 0 a wom) 2Zzeue ke iw + 
[-4 Seo Ww WO Wee ma Cc WN <=— 
CC] aqFe S we 7 ow e © > LL) awn wdAN Us >» 
Une wn FS Ga x< w Fa ate za 
ZN aZaew = KWI Om Lae 4 uu wt well ONn~ Hm * 
10% AS OQermw emmnco ot O oO 4+NQA2 <ea HO 
XO mSead@eZroZar~n ec J ow bo) 22 Su 
Zea fe WKOSZWPHOng wore 2 w ee wo Od = 
Wet LOG 9 ete O mt oet ZINN NO FreoSore- C 2UZ * aw * 
CSeOUrtist N HH warm es | hee Om WIOWes Mm moO ad 
Sd Pare lp Sar) we 20ST ewtiaad CW =the DZ 0 elle Ne Dw 
wn Ze O we lage eh a 42S 2Z2n~w~uwZ San 7) 
hWwOom CO « O2~wd™=@ 22 CO 90 UU LL ee ose * ” + 
Pee eon = ~oS WQlm SF OM ors > Ub Sh Awe 
Vw aa « ww aS ew ww et IST wwe Ij onze = 
Wuoowd Oo WULWWOLW ILO HOW HODCUULZOZ DOM bt 
meme SOO Ue [ao ts Se a he ee TO te ae oe ed) * 
of Onoe on So ow #OoeNn a 
Ne Ore aco + IN Ww #o 0 + 
* = * == = ott mt + + £4 + 
w@ W (5) (s) (SS SSS SSS] S) 


141 


SCOCCOCCOCOCOOCCOOOOCOCOCOOCOCOCOCOCoCOoCoCoOOoCooCEeooeceocoon 
ANA FINDER DSOMAIMS AO SDO MUM SN OPH OHROMNMSENOE DD OSNOSNOM OD 
et ad gt ad gd eed nd ENN ONO IO IAIN ET EAC TT OF SAE a PP FP AE LAI CAIN 
NQNINIQUININAINGNINNINNNINNNN ANNAN ANNAN NAINA NINNNAANINNNNNNNNION 
ddddddddaddiddddiddaddddddddddddadddddddadddiddcidddddd 
22222222 2222 2222222222222222222 22222222 2222222222 
BODOOOQOOHDOQOOCACOGCOCOSCHAAGLOGA0ABDOAOCEOQCHCOOnaOoaa 
<add Caddie add{dddidddaddddddddddtddd dd ddd ddd didi 


—” 
a 
[4 
<a 
wo 
‘bd (=) 
” ” Ww 
< a) a 
(S) aw ne 
<z > 
a S ao 
<q Md 
_ 77) 4 og 
x ~_ a - 
hd fo] + [- 4 <a 2) 
= Nw [=) a Ow - 
Ltt HPAI wt et tS Dent [- 4 ~ Uns ~ ~ 2 
TZuvuyrnvwnvvwnnwanes < > 0 my wo — 
Ocacsocadoor [S) wn = Ud ant . j=] 
Vaya 4-4-4 4-4-4. 4- 4° T= 4 z ad > wv Lew foal a 
Odtdadcdddadadao uN — a Dj =a ww ] 
YWVUOUVUVULOWWOO o - = tw << ~ wt 2 Lal us 
CSLSISZZAZZZS [4 ez e> &FOC = aH mt om on] 
id <x w D> A292 oOo = Use mem o 
Daneman en ene +6 (s) a OG «£Om - — oO me =< 
TLHVUALSMPDAOAIMSOeOZ [=] <or 2 0 Wa awe ° 
ont ond ret emt Se, COL Sem ODF 2ONE meO Weta oO 
meomPMee et 000 0 8 8 8 Oman aqOo ZFeM & wo qo Pee ~~ 
OM  CEVONMICICHAQACICAL OU FO ees DIO CA am - 
me mrt AS I tO azo ott OW Ud | mew Kae 
wwT eee eee eee ee tweet ft O <CSGeaio ww CMW 2 emer Ovi wad 
LOS pm en nae nee ene mY 9 mF OP ON SZ oD Wee PN Cet Gee jeter 


LZ DHINAINIAINININNWM caw Ze Ltd we ZM anZ OSHOST cow Wee 
Ce Med rt dered 4 sand met oedema domed IQ, P= C9 hs tee UN OL et Lb wet eaten tet ter OUI © enon OO <t 
Zo Rw www ww ewww FOE et HONS ew OMB w OD em Oes | NX 
4.4.4. 4.4.4.4. 4.4.4-4. 4° Sood be ede Zea et 2D Zid ols ow ed 
KeNaAId add id@dde WOW SNE we Onde WOSAMeanleinkewWieWZs 
WW54.900444.66.88.0 20 twee O40 O BOCUO™ A2Z~dedZZ2e) UL 


ZvLOLZ2222Z222~Z2SZO eee IAM = azo KOZ NOM TOL eT 
See a) ee eo ees rer es eres OL ef Ver ZL [a4 Lu 2 dw Jw tw 
STULL eh ULL ett © wu OW. WWLOW OW auto 
ZZ Veet et tee erties eee mPa 4 =) C2 L et 2 tlle Ke SL erty ZS 
# Qo o Nor Ome on £6 cor 
+ N So TAF 00% ao Oo Ot UN 
* od ° * *% «a O Ot ate 
an fo oa) 
(os) 1S) Yu WJ (S) 


a 3 : eran ee 


COOCCOCCOSCSOESCOCCOSOOOCOCOCCOCOCMDOCOCOCOCOCOCHCOCCOCCCOCOO 
DO SMNMO LK OP OA OQHNMPMOM ODO NMS MNOP DHOANMAPTNOM DOG Omum sno 
WOODOQOCO COOP EE LEE EEE DODODODTSDODOEAAOSAARAOSCAC OOCOCOCO 
RNINNINNUNNIRIININNNINNNNAINNNNNIN NIN AIAINININNNIN ANNAN OM COM MM 
Qdiddddddiddddddgdd#dddadddfidd dddddddddddddadaddadaad 
22222222222 22222222 2222222 2222222222222 222222222 
AQAOQQOOACCAOQGBOOCCAHBOHBOCOOAOGSCOCOMRGADDQQOAGDCOGQOAGQCQGQRAQCA 
qdddeddddddddddtdddddddddiddi a ddd dadadddddadaddadad 


+ & 
i] + * 
5 
# + 
ie * * 
< 
v4 - 
<a 
*# 2 * 
- 
2 
; * w % 
| = 
Ww Nn 
~ (am) 
i * Ww * [. 
{ =<d <x 
a wi [S) 
-~ = 
* ow * > Ww 
[ao] 2 7.) 
Ww » <t- 
a A. vu @ 
i -~ %* © + > ~ 
4 N ' ad aw 
_ = (3) =) < « 
> 2 uy ~ 
ij - *» qw * 2 «a 
uo = ~ 2a Cy w Zz 
ec wo i] — D> ~ — + OQ 
~ _ [= io} Let SF Nett ODA 
w *ZO e* yu # NS > a 
} = OO ey ve a eaoa80g28 aq00 
z= Lalla] (=) “Zo LLCeeeceececal 
" = wo <> <n Oddadddadad 
o oc awd e+ WO # Ow WVUVUOQUVOOOLLO 
a ¢ Zeie [- 4 za CZAL2LSZZ2LZLZLZZOS 
— [my ad WwW 
~ uw m2 om Ow C. Demon ener mam cm amenem « 
w Q ox a) Wt wey £ Zo ZN RO CasoTe 
_— = O we w oa =o mt mtnt OL OF 
~— > lm Zum Q uWi<_t Boe Kee Ca eee 
~ A; UL oe ef 23 al 2a FAUOMA CEVOMICICAICEMLMAU ‘ 
a 2 Up ot Cas Lee nd] Qa + = FN ert et WU a ee ~ i 
< zon Otnmaw +eaZe < meus mGuwewT 06 0 6 0 6 8 6 0 0 tung |} 4 
—in om 22D eZ a2 22 LL mr ee mmm 
AO | mz ZawwiZ W ee w ou O @€—@ NNNNHNKHHHHMNKNdeZ 
> PRAMS Om Sa OC ZH he HZ Os tt tt tt ett tt. be 
fared pod Oa Od fend Od fw WC) fod dS” pees LSD OUI (TY we a> OO 2 Zh wow we ew wre ww ere 
tt wma Fath wee Et 0 et ded be 20 bo ee £3 4- 4-4-4. 4-4-4. 04 a 
ONPOA4AAD testa O2Z tewwuyZ > Ne LVM Idd yy ii 
Nea 2SSZOOC Om ZOm TWO OC # *%* 024w7040900464004270 tt 
oo) oslo 2-4) 4 an FwECoSSl2lf2222Z72Z20ar 
z2 feww it OM nt ome FES Jew ww err & I) 
=) OwoO ODCLUZ2OZD =x OmDOTUL Wi ib Wl <fw 
(=) wua QZ Bem Hb QO LU tte pee tees ee eet ee er ee ZZ 
w 0 #O AN +e * 
Ww IN #wO Yh) + * 
~ a 2) ~tn e+ 42H & 
-) WUOQQOVUOO (=) 


143 


aad 


0 elle aimgat te IPAOR ES a 


SCCOOCCOCCOCCOCCCOCCOCCCCoCeCcCCococooooooecoocoqcooooooooc 
MSAOMSNUMSM OM ORO HNMGSNOM OD OANM SHO BS OMCUMSINVE OO ONNMS 
OOO crore ct ot ct ont ond ot A EOIN OI NAN NNN AMMO OG MOG OOM SF SPs SPST PEPIN 
MAM MAM AMMAMMAMMOM AMM MAAMMMMAMAMMMAMMAM MMM MMMMMMMAM MMAMmMmM 
adadiddddddaddedqdddddadadddddaddddadddddaaddd ddd 
222 222222222222222222222222222222222222222222222 
DO QQOCACHAGQADAQAOCHOMACAEGBOOCOOSCOOSGQOOOQHKOEH™| GBEQQGCESOHBO00H 
qq ddd cddiddddedddddaddidddddqdqaddddddadddadda 


[=) 
Ww 
aw 
ow Q 
> Ww ~ 
[=] (a fo) 
uw amd N 
”n a > z 
Lead Qa ~ o 
+ [o4 o~ io] ” Us ot ~ 
a Cd U7] =u bh ec 2 n 
[~ 4 » eat ~ [ord 2 - — 
o- 4 = fr) x J ee ome ”“ e7O 
(=) 72) = Ww ~ mt ON io] = er 
r-4 uJ > wa ~ a a ze vs SS ot 
" —_— > o a- > ce YoY fmt me Sad awh 
[=] - = <q = << 2 oo Ud oO oo awWo 
a [> a - eo Q = ioe Go a oo ko a 
< uwa> ao oOo Ss = = il (=) bad 
(s) a Aa fo b= a se Oww 4 uw Zz =O 
2 Oo ao == 2 A200 C*] Qa ox om = 
ake UW ACVes O Winese ~~ uw = CO e+ WN 4 
~ ado Ze w& Wd © Pet pets pe x. O =m ? Aa Zw WwW 
~ zO eZ Dao Came ww wn Ow OW wm ha a) 4) 
e ALC atom CEO Wh wo NeZzna Ci mw “AOdw a 
° {SO= i Omw Mow tmmOQOeane sOOZZwW OF"4w ¢#nawr < 
e om ZZ ote SOV Z oD MINN OSLO CD wr ome D m5 SoZ 
- CNC WOZNM ent LiO eCOOm= WOKketliF Zaowy Zt we o uJ 
oO Wet AMZ mtUetotewrt mimOInWwoONwZINOd ll wm=nd IiCam Fare CO Z 
ew ep HONS b= CL we Om Ue Die OD Dt | mt the Op Zeer DOW a eet 
eS ¢€ed~ Ze cimEi SMA dd owt) ce eowiatd CW eZee ww ZOD ¢ ele & 
AZOZL We OMe WOFKSamne Z2nnewWwews2waGc ae02 ilwsaZ > 
Wen Odo OS C200 QMO Zed mwwd ZZ UN ZOOS Om ZUM aie OO 
ree HOW £ O20 = ZnOL=OOL It wo Sot UL = be Lb Se s 
wZOodt i. 4 <u Zw IK w deo tw 2 Z2imww tt C 
wOINWO OC Wu. OCOUWWOUWWOW JL ftOO Owd O®xCwwLesozZz> 
=—UWUFCO UW (- <=) Qo iL me LAE tO fol L Ta) WB y Ow? 
oO * i=) wor Oe on t<o Orn oO #O =A) 
N [=] POF wee) Dato) oy NP WW #0 ow 
* [=] * aS Om mt ont mt ond ontont 
oa oa oa 
=) oO Ww wo 


144 


comocoocooooooooooooooooooooeococoooccoeosoocococeocoes 
WOM DROSNMSNOM OR OCMNO SNOOP SC SM SINOM DKON OM GHORMN 
AUUVIAIND ODO ODD DO OE EE EEE EEE OODODDDDDDAAARKAARSPOOO 
MMA MMMM MAME MAM MM MOAMMA MMM MMMM OME MM MMM MM MMM MOAMAMMOMMMOst $F 
addiddidd ddd ddadddddd dade ddd dd ddd ddd edd dda 
222222 222222222222 222222222222 222VS2ZZS2V2ZZVSZZZ2Z2Z22Z2] 
ACHAOHOQHOCOAOOHOOHCASCOHCOQHOHACAGSHAOAADAGCAGAOAACAGAACCAaO 
qqdidaddddd addi ddd dddiddddaddeddddddadad 


+ + 


* 


2NODE BEAM ELEMENTS 
ATA CARDS 


ABLE CARDS 
TO 81 
ARCL4)=16 


NCDST=NCDST+l 


UTPUT T 
F 2-0} GO 
Q-0) NP 
00) DUMMY 


i=s) 
wOIED i Cmmw e emt | QMO W 
Cm Some FFI Mar (OZ oD 
ZeLe WO ZNGHSPHtatwMrwY) anZ 
Cn ee) ett) 6S OG) cart bd cent eet we bee 9 ZF et ee 
2ateut N wetwewEi SSE ot NOR wen o+ Nebeng 
Ce ter) ww Peta idee PD dd ewww ocw 
ert COC FH OMEdKA& 1OMnMN wore danrnsuuemuS 
<> 00 < YW AAZQV&HNWZOKCOM A2wdmeZZ. w [24 
N=zZzonwn = A222 ONeF I! © HAZ UO Zee tf ee EF ICD me he LL > 
j=) 
fe 


N OF NODE POINTS REQUIRED 


ft Cw ww pe COV w= Z2qetdgwwdtiiw = Zam 
NDLWO WL LW SOW YO CwwWWwOL.W IEW HOw lt 
ZelmLQ Loe Zo ZO DL wet OL ten rst EE pet an) SE tet 99D ee 


* Ono# Om ON oO orw #O 
* OPW DO. mo UNE LN .*) 
* % * + * = -_ Ck Kon! ~ 
wy 


YOUVOOOW =) ie] =) 


a 
us 
= 
> 
2 

e 
a. 
>» 
~- 
a 
uw 
2 

had 
—~™ 
° 
™N 
—=— 
« 
< 
(5 
2 

tJ 
a 
z 
= 
=] 
- 
~ 
- 
2 
oO 
(S) 
© 
~ 
2 
o 
= 
= 
i=) 
(S) 


* + 


—— - 


lolalololal~lolol~) 


tetecessrs 
ddaqddqdaad 
222222222 
ALXGOQCADAG 
La ddqdadcdt 


ee be ed a 
yoDauu sos 
“Had eevee we COU 


N 
3° 
ond 


146 


vrenen nen — 


eo lolol ol olel a} ale) alo] alelelw] al elo ale) lel) wlelelalolelolololalolol alate) 
AD ord grt ort gant watt RO et QUA TIN OP! COD Om NU SIN OM AO eu Nen SIN OPM OOO AU PUNO ol ot 
DO DDD DOG eed ct ered rt ot ont td OI FINI NIE NICU NI QI EO AO AA MAA PF FS Poh FOOD 
FODAAG PPOOOCOCSCOCOSCSSSSCOCOSOGSOOOQOSCSOOSCCOCOSCOSSSGOOCDBDCOOAA 
8 eae) Cd et ced ged ord OF wre ce) cae) od werd ced wed card exe eed eed wed ceed weed wh ceed ccd ceed wd cod ee ned) od cod ccd) red card ce ceed ced cee cd ced) ete) cae) eed nad ened SO 
CL OE SO A OF 00 OE OK OK OK DE OK a HK OK HK HK HK DE DC HC IC BK HK DK DK IK DK BK DK OC BK _ DK OK DK DK BK OK OK DK OK DK OK OK OS CY 
0.96.06 6 66 9999993999999 9999399399999 9999993993999 4999 3993939999 399933 3PPDPP3DA4.0a 
Fee te teh ee eee See TS Sete ahaa 


* * + * * * 
* * * 
* * * * * % 
* * + 
* * * WY + * *e 
- 
2 
* * ud + 
* * ** = * * * 
us 
* oa] 
* * * ity) * 
* * % * * * * 
% * re) < 
Sud * 2 be ~ 
t= ££ & ” <q < - & 
+a. * + - * + a * # © + a 
es * 2 a 4 
to + uw po rs 
te © & # = w z - * 
a * e+ WwW + # SG % *e* Ww a 
a> * a Cc = > 
We * w z wl a 
ot el, en , ad ws - 
Wa * * WwW * * @® * + Ww * a 
eb) ” > 
uy @ w > Qa a ° 
ae * wo * [4 ' bm 
a < + ¥ # A * *m cd a 
Am a ~ 
m= © " a a a 
che & <_< <x < bh + 
wud Ww **w ¥ tw * ew * a 
Q> =z ad 
» wo z 2 z - 
ar + we jem) o ° — & 
26. ba ] e 2 * * 2 * * 2 % a 
<x © o a o ™M 
o fad Ca 
ue ££ ODO < < < —- 
zo. 2 e Ww * we Ws % + Ww * (5 
<Fz. 7s) - we w = 
a = 
. * © *# Oo (=) © <= * 
a2~ Ww ” +t * zee + Ww & & ¥ - 
~ Lad => us < Ts) Ww us =~ 
AE a [-4 the a wa. a wo < 
woe a he bo Z2> a Z> Coal z> be Hb 
Zui a i Ae mb We mp A eH mabe tt <_< 
md =~) ot za lad z = od Zz bem ot [an] 
Land Ae) ~ Du Sw Dw 
Su + ea Ww Oo Ww oO w a] Ul 
Oz ac Oo ze xe» * zt fp =-_ = ee € Pr-4 
CL wt Ww (4 ome [- aT. a] on [oT] _ am = 
ae " [4 - 2 Lond > be base 
235 * 3 *w2 2D "NA 22S AO an) nga 27D * 
“nO “oo # wre ec we € e« O & wt #£¢ © 
fa 4 * a> & Aa > @ io | > « 9 amd > 
+o * > ie a 6 and -Og 8 ol HmOo tat san bk Aco 
#23 %& &@ #4 SD xzra@ wed ra waza x<— “UZ 
i 2 WW ¢%¢ RPO FF CW ££ RPO e WY & me OM 
* * +e He % 
2 + & + % oe we * 
# : “a et RH + +H & + *e 
SOS YWOUNKU VUOIUOOVOU WIM OWUUIOUOOW YOU 
¥ 
147 


yee eS baal a in 75 Raa cD Me 
‘ 


. 


ree 


HOM HKO QOS L OM ODOM MOS 
OProry OOVCOOOORES PE 
cCorco AMMMAMAMAME MM 
nt ed OS eed ecoooococoeco]e o¢ 
LR KH Ooocoecooceco co 
a706a>> oocooccoccoo oc 
- 2-2. o- < -¢ Oooocoococoo oo 
+e «6+ ~ 
* * + had ~ % % . 
* fe ~ ~ 
* zx ~ = 
~~ + pa) Ye) J 
a * * b 4 ~ + * =< 
t-4 ta ~ cd ~ 
—” -_ ~ Ld ad 
a +# qe a 7] Pad 
+ * eZ ~ na + + esa 
~ (3) aw a [= z oo 
a w 2% =z Ww Oo Ze 
+ - bo z OD 
a -* Ww * NS -~ hor - + N> 
Ws (s) » died - (om) f=) ~ o 
| Lael =2 ~ ~~) -5 =2 
a * > oO - a v7, oO 
« e WwW . 2 17a To 4 a ww + Ma 
cs) a ~oO > w (an) ~O 
-~ ex a - [-e)] - ox 
w + = = Ne nN = - No 
z at Oo * <Not mt =) a + + <n 
a) =z (4 zZVY O ww Lad = e bm V9) 
» - b& ~- Fe o uw > 
=> * and “no 2 a ” - 2 NO 
Cc ast bk % Av ae e 2 od a + Mm + ad 
[. 4 > za ma & Ww > aad “<6. 
a . Ww -e Y= ”n . > > o 
> * ed => KU at mt be oO >< 
” Owe w % =aj CO ww Ld a + &«& . =o 
> (s) ~t > & z > oe] Sf 
<< al C4 Wo 2a w sad =) Mw 
- + - a) “yn = ™ = = ”“ wn 
C4 awe & * om td Ww Qa * eet 
Qa nN Ww men m= oO N ~ ad 
o oe Oat = = <_< > On 
am «0 — (=) wt CQ w= ! Lead a le 
=z a. % + az > & a are 2 * az 
Ww > n ww £ 4 77) > -_ now R 
= tal o 2 _ > wot - oF : 
w - us te te oa load - de 
. w ar a * —— Yom ~ a# 2 % bor : 
< x< a qm wm wu wo x< ud qn é 
a - z Qa a~ oOo ° = WOa t 
a * a wewl & ~ = w wa MU 4 
*: ” ae =x + tO Zw. wf wW a * wo e ~~ eefO 
ad = uo zeC eDx Us me = a 2zreO a 
o p>] < Ow » c - > a Cur * 
* 2 w wt Oacm = = = a ww 
Qa ~~ % * OF-VQO2>4 NDYs ww Ft N e+ TOMO 
‘ uw wn (=) Medel zw DZD oa) al mw oc 
| ny iS ¢ C- ee] eI ZF ke ale tO < Om — ws” t 
; a b= wa, ~IO 34a 2 ogcw - a w~TIa 
a at cat AHA NT SxS sme t+ GAt &# NWO © 
a. a ” Oe 2AnNZWe aw jan} WY) tox eh 
> ca mee YNIZDZ amy Oana me Lad eae fa 
wn * Ww ood 62eaus2 ONO wr tO ud =) C-o-4- 4) ¥ 
2 > &# wQWwOO4aZ0—8~% I ZACK Ze am * GOWO fe 
i a ome we QUOPLLDOW emrermesewwes it if i ~~ am OVS 
vo — 2 =e eS OO OW en em bem > ~NW & 
—n #2 =) m=O CZ ew22Z26~7F2 NHOOOemrsZZ D2 nQ waz ew 
=) 4 Ot MW £ FONDTOOSZwdOw~wZZZewmmae COC + Ww #¢ CONS j 
‘ po | [4 Da SELES Tek SNOW NewwekD © Cod =zIzIed Hy 
* m=O © Su 4FQOULIZIT Se <i t tee eZe-O0 Wd =zOw : 
* *#w2 3 at WOTMNOOC=WrOOWerNMO8 BOWS D Nt ocmmMm ; 
* CW Ut OW £# COKXOUVORSLOTAeLIS>BCLWHY *# DO *# OVX ‘ 
* > mn mil : 
* ae % 
* ee + 
* + eh © te 
* °o So 
Vu QUWNUUO - N WUWUWUWW 


148 


? 
8 
q 


SS Te. 


(=) oa cooo 
VDE OAS eh NM LUD OP OD Set 0 LULL Pe CO cd 0d ae ret peed peg rd ot ced pret ger et od A ona red ond ed eed CY SP 
EMCO DODDONDODDODAHAOAOTATCOSOAPAHOONDDC OE DODDDOMDDNDEDOOCOC 
AMAMOMAMMA MMA MMMAMAMMNMAMAMMMMAMMARAPTAGPAROKARCROKAAASOOCOS 
BDO OSH ECO OSS SOTO OOO OSO OSS OO 6 ot eet pad cnet pot aed eet pad fe mt ad cart fee ened ond ond Od ood fmm fem fee 
lelolelulelelelelelelolaltelelelelelelelclelelelal: 4.4: 4-4. 4-4-4 404-424: 4.4-4-4.4°4-4°4-4-Gon-o 
ermocoocoocoooccoooeooeooccoocoaaagaaaaaaoaaanaaaangacaao 


+ + 


* 
* 


eVPTC LI WPTC2) 
GQ TO 25 


) » GO TO 100 


X 21.11" 


nar 
md coms nd 
2 ® 
HnNm 
=> - @ 
PORT URT ES) 
ae ~ be 
Wien HNO (Pat bs Ome 
Ned oe ol ded 
2 e2z2z 
> Wen 
QAnaaQ 
woaaa 
UW ermetiGmmM eee TANWM 
CWOLWOS CNW © met Zeer 
A420 e Oday & OOO * 
WY sOWMNLOmMOOUR Ze 
mL LWUNIN od IIOP 
OF ow ow FZ > 1 8 || 3D 
DMN be EN rere 2 meen ZZZ 
Zw df Ow df GOO OW 0 mens es tes tes OF *% 


SAPLOT CALLED BY PSAP1 


TO 100" 


° 

° 
joj 
v8) 

° 
a 
” 
oe 
Q 
=z 
=z 

° 
o 
z 
< 

t) 
°o 

° 
j=) 
uJ 

e 
a 
",) 
~~ 
So 
> 
z 

e 
(=) 
r4 


00.070.0e21.11) 


% 


Ue LW OU. LW Came OM CAALOOWZ + 
wt SUL OC LLOOOmOZOD>BOOASW + 


o.oo oo ° 
Oo =O oo AW. * + * 
o oO mn nw * * 


~ N 
BOOVOVOOY VOOUOVLL OU 


SUBROUTINE CA.CMP 


' 


oo i=) ° ooo [=] o °° loalolo) ° (o] ooo 

Pe OL) es cael eed OP cat cad cand met) med od LN SO Pie nd od cd OD) pret eed mt og Oct seed oan med LD) POD) pet od eed CJS ered pend od omeet ) od ont oat fe OD) ed 
DOVDDO DDD Dt D Dt 1 DDO DV DO MDNUDON NA DODADODODMNDAODO NAMM 
DAAPAOSF HAADSAROHOOAMAPFODAARRORSGAARSGOOKMKAHROAADRORAKHOOOD 
Dam poms ced cad peng frm eed sad oad cared freee od ganad me frm fw eed sad ad from coed oad cad pent ce cand fee emda free se frame cared oad geet fem cand peed md gmt fee md pmed od fue fee fom med 
ARM KAA YL eCAer MAAK eA eer vawvarraAadadewatrtrrvawrwaaawr 
Q044.40044.00040006.4.004.446.404004.00000000400000000460004a 
BSS S 4949S 95 48S s SS ea eee aes Sa SSSA SS S545 


* * 
fo 
jo) * * * + 
e+ x * 
[a 4 
Lad 
~ * * * a 
+ F * 
eZ 
ow cd + * + 
e <« + 
je) 
~ 
>» + * * % 
* - * 
fo) 
a 
a ® * + + 
won A 
- -~ < 
a a ~ 
<z * + << * OQ * 
e WM” ” * a 
a a a 
~ * + » + > * 
* «a a * ~ fea] 
Qa ~ [=] hr} (om) 
Ud * 2t wi Qa Ff} Ww * 
a | ay | * o a 
a =] be a - 
zt Land =z oe < =) 
YO + ~ #€# © ~ ~ # WZ 5: uJ 
* Q * z z iam) 
ad Y Land ° Q _ bal 
~ fom] a 2 fo 4 uu fom] « 
z J % ~~ % = ~ % * x= 
wt a ad a + he ~— a a 
a < x ap - = we o 
~ 7) ° r=) Q - AG =z 
o Caw + ~ + Ca YO ~ *%+ Ca «a 
~ % the heed Wo oO td Wa. xc kh -~ 
- >< -~ x< > cd < > QQ - > 
~< [S) z ~ 2 eo ~~ za oo ke ~ 
~ ” % Us * nO a x= *# NO *# 2e<r < 
—- £€ acd a Ww a * a ° = a a « ~ 
a 22 Lamd Last 20 mn Ss ao Ww MK = 
a — . a 4 2 om 2 2 - | 4 
~ [> 4 x aed — Iw eo a + Sm re ~ 
<< * ad ' j=) ce KeOQ > az Ow QO >» < 
wD =) z= z i uy Wow ro) Ue LL Ow i) 
J J > Lad —O ew foo) Whe eh 
ae] Kea £#£ Aa = Ww te xz ao Wt =F & WrOoWw ee 
2 nd z aw &# 2 eZzeoO 2 a5 2 oO = 
ne W@W ~O Land Qa §~On=z ome <Zz HNS wnt 
[ned Qe wen - a Lome + > load GS warD foo 
> qn *# WKASF De ce WxnNENS DD * tx * WeESS D 
oOo < o x Oo * 9 2e &¢ OA o OoOarw a 
ie 4 foo]. *) Wow Ou WaWtitID> x Ou WwitwdwO 
Qa aad << JOD bo Late ot ee) ml) bo << SOD 
25> * Z2waqw2Z2d> * Zune Erawe5> +* e# Z2wIquw2z5 
wy © £ =cut : ee mvOPMmOS WM * me OO 
cg + 
# * * 
# * * * + * 
* + * * * 
WVVUQOVOY STS STS 1S Sie) WIUYIQUOY Y 
150 


ee Pe Ee in, ome 


=i 


io] 


ond md OD rad ened eared ord orm ned vad omg SP LN AO md 4 rant ang eet md wd OL) Creed nd orn USN SO) fe OD cand cond ond OP raed ead sed ood C) meng AY 
DBMNDAODDDDDG FSF PDVOODLT ODDO WDD FM DMNDINNNNDDONODODOO OO 
PAAODHAAARARMAHGOOAAROMRAPRQOVMIAQOVOOAAAHAOARHADAOQO 
rad et bea coed ened nd san cae) ed ome gag Pome fom brew oad gee el me pam see od cag for fe ge fae some fee fore fies frmer oad rand oma pram sod mel an sa frome fem fem 
CSLACCLKKKe CAAA Carrera awvavaqgaacerarerrrsnas 
0900.460004046.290004044044000.00000000900000000a000 
CWI i I ee eed deqaddq 


* * 


* * 


ooo 


* 


* 


* 


*% 


° 


* 


” 


VYOUVLVOYUY 


oo 5 


oop M 


soso 


(VOT) X00) 52) 


* 


% 


*% 


QOVOQVOV0 


jo) 


D BY PSAPI/ERROR 


TO CLOSE 


*«%4e% TQ ADAPT F 


+ 


% 


ooo 


ALL PLOT(0.,0.,999) 


C 
RETURN 
ENO 


10. 


rae ash oy = NS Ne St an ei cea ne vis Paik tendo ee sia niet ae ee 


LIST OF REFERENCES 


Stenstrom, F.E., Photoelastic Study of Elastic and 


Plastic Stress Fields in the Vicinity of a Notch, 
Master's Thesis, Naval Postgraduate School, Monterey, 
California, December 1980. 


Engle, E.C., An Investigation of Residual Stresses 

in Simulated Wing Panels of 7075-To Aluminum, Master's 
Thesis, Naval Postgraduate School, Monterey, California, 
December 1979. 


LPS 0 ta a 


Stuart, G.L., An Investigation of Residual Stress 
Characterization of 7075-T6 Aluminum for Application 

in Fatigue Analysis, Master's Thesis, Naval Postgraduate 
School, Monterey, California, December 1978. 


Massachusetts Institute of Technology Report 82448-1, 
A Finite Element Program for Automatic Dynamic Incre- 
mental Nonlinear Analysis (ADINA), by K. Bathe, 
September 1975 (revised May 1976). 

Crandall, S.H., Engineering Analysis - A Survey of 
Numerical Procedures, pp. ters McGraw-Hill, 1956. 
Heise, U., "Combined Application of Finite Element 


Methods and Richardson Extrapolation to the Torsion 
Problem," Conference on the Mathematics of Finite 


Elements and Applications, ed. by J. R. Whiteman, 
V. 1l., pp. 225-237, Academic Press, 1973. 
Kibler, A.E., A Finite Element Preprocessor for SAPIV 


and ADINA, Master's Thesis, Naval Postgraduate School, 
Monterey, California, September 1977. 


Howland, R.C.J., “Stress in a Strip of Finite Width, 
Which is Weakened by a Circular Hole," Philosophical 


Transactions of the Royal Society, Series A, V. 229, ie 
pp. 49-86, London, [330- , 
ANSI/ASTM B557-79, Standard Methods of Tension Testing 


Wrought and Cast Aluminum and Magnesium Alloy Products, 
19795. 


Micro-Measurements, Transverse Sensitivity Errors TN-137 | 
undated, Vishay Intertechnology, Inc. 


152 


a) ee caet we OG 


Lis 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Rivello, R.M., cheery and Analysis of Flight Structures, 
pp. 38-40, McGraw-Hill, 69. 

Garske, J.C., An Investigation of Methods for Determining 
Notch Root Stress from Far-Field Strain in Notched Flat 


Plates, Master's Thesis, Naval Postgraduate School, 
Monterey, California, September, 1977. 


National Aeronatics and Space Administration (NASA) 
Report CR-1649, Finite Element Analysis of Structures 
in the Plastic Range, by H. Armen, Jr., A. Pirko, and 


H.S. Levine, February, 1971. 


Segerlind, L.J., Applied Finite Element Analysis, p. 251, 
Wiley, 1976. 


Zienkiewicz, O.C., The Finite Element Method, 3d Ed., 
McGraw-Hill Ltd, 1977. 


David W. Taylor Naval Ship Research and Development 
Center Report, Accuracy Loss in Distorted Isoparametric 
Finite Elements, by D. A. Hopkins and L.N. Gifford, 
September 1978. 


Cook, R.D., Concepts and Applications of Finite Element 
Analysis, pp. ELE Wiley, 1974. 


Barlow, J., "Optimal Stress Locations in Finite 
Element Models," International Journal for Numerical 


Methods in Engineering, V. 10, pp. 243-251, 1976. 


Hinton, E., and Campbell, J.S., "Local and Global 
Smoothing of Discontinuous Finite Element Functions 
Using a Least Squares Method," International Journal 


' for Numerical Methods in Engineering, V. 8, pp. 461-480, 
1974, 


Peterson, R.E., Stress Concentration Factors, pp. 20- 
36 and 111-150, Wiley, 1974. 


Frocht, M.M., “Photoelastic Studies in Stress Concen- 
tration," Mechanical Engineering, V. 58, August 1936. 


Frocht, M.M., “Factors of Stress Concentration in Bars 
with Deep Sharp Grooves and Fillets in Tension," 


Proceedings of the Society of Experimental-Stress 
Analysis, Vv, 8, No. 2, ToST- 
Naval Research Laboratory Report 7278, Finite Element 


Analysis of Notched Tensile Specimens in Plane Stress, 
by C. A. Griffis, 10 September 1971. 


153 i 


24. 


25. 


26. 


27. 


28. 


29. 


Clough, R.W., "The Finite Element Method in Structural 
Mechanics," Stress Analysis ed. by 0. Zienkiewicz and 
G. Holister, pp. 55-119, Wiley, 1965. 

Frocht, M.M., and Thomson, R.A., “Further Work on Plane 
Elastoplastic Stress Distributions," Proceedings of the 


International Symposium on Photoplasticity, Pergamon 
Press, 1903. 

Advisory Group for Aerospace Research and Development 
Report AGARD~MAN-8-70, Manual on Fatigue of Structures, 
by W. G. Barrois, pp. 206-227, June i370, 


Lubahn, J.D., and Felgar, R.P., Plasticity and Creep 
of Metals, p. 510, Wiley, 1961. 


Easterling, L.R., Stress Analysis of Ceramic Turbine 
Blades by Finite Element Method - Part 1, Master's 
Thesis, Naval Postgraduate School, Monterey, California, 
March 1978. 


Preisel, J.H., Stress Analysis of Ceramic Gas Turbine 
Blades by the Finite Element Method - Part II, Master's 
Thesis, Naval Postgraduate School, Monterey, California, 


March 1978. 


154 


QO nape eatin os een be? ae we ee 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 67 
Department of Aeronautics 
Naval Postgraduate School 
Monterey, California 93946 


Professor G. H. Lindsey, Code 67Li 
Department of Aeronautics 

Naval Postgraduate School 
Monterey, California 93940 


Professor G. Cantin, Code 69Ci 
Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, California 93940 


LCDR Michael J. Kaiser, USN 
SETD - EW&R Branch 

NATC 

Patuxent River, Maryland 20670 


155 


No. 


Copies 


2 


